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A B ST R A C T
In  th i s  t h e s i s  r e a c t i o n s  of u r e a  and  i t s  N - a lk y l  d e r iv a t iv e s  
w ith  m o n o k e to n e s ,  a - d ik e to n e  s , b e n z la d e h y d e ,  a c y lo in s ,  
d ia m in o e th a n e  and i t s  N -a lk y l  d e r i v a t i v e s ,  o x id a t io n  of a lk y l  
and a r y l  d e r i v a t i v e s  of t h i o u r e a ,  n i t r a t i o n  of H e c t o r ' s  B a s e ,  
e f fe c t  of b a s e s  on th e  a d d u c t  of H e c t o r ' s  B a s e ,  s t r u c t u r a l  
e lu c id a t io n  of H e c t o r ' s  B a s e ,  D o s t ' s  B a s e  and r e l a t e d  c o m p o u n d s  
by th e  a p p l ic a t io n  of s p e c t r a l  t e c h n iq u e s ,  and th e  r e a c t i o n  of 
p i c r i c  ac id  w ith  c r e a t i n i n e  in  a lk a l in e  m e d ia  a r e  d i s c u s s e d .
R e a c t io n s  of m o n o k e to n e s  ( a c e to n e ,  m e s i t y l  o x id e ,  a c e to -  
ph en o n e  and  b e n zo p h e n o n e )  an d  b e n z a ld e h y d e  w ith  u r e a ,  1- 
m e th y lu r e a  and 1, 3 - d i m e t h y l u r e a  g ave  w h ite  c r y s t a l l i n e  p r o d u c t s  
T h e s e  p r o d u c t s  w e r e  id e n t i f i e d  by  p r o to n  and c a r b o n - 13 n m r  
t e c h n iq u e s ,  p h y s ic a l ,  c h e m i c a l  and  s p e c t r o p h o t o m e t r i c  m e th o d s  
w h e r e v e r  a p p r o p r i a t e .  A m e c h a n i s m  fo r  t h e s e  r e a c t i o n s  h a s  
b e e n  p r o p o s e d .  In  a l l  t h e s e  c a s e s ,  m o n o k e to n e s  ( e x c e p t  
ben zo p h e n o n e )  u n d e rg o  s e l f - c o n d e n s a t io n  in  a c id  so lu t io n  and 
th e  r e s u l t i n g  p r o d u c t s  r e a c t  w ith  u r e a s .  In  th e  a b s e n c e  of 
u r e a s  t h e r e  i s  f u r t h e r  s e l f - c o n d e n s a t io n  to  y ie ld  h y d r o c a r b o n s .
In  c a s e  of b e n z a ld e h y d e  r e a c t io n ,  i t  i s  th e  u r e a  w h ich  u n d e r g o e s  
s e l f - c o n d e n s a t io n  and  r e s u l t i n g  b i u r e t ,  in  tu r n ,  r e a c t s  w ith  
b e n z a ld e h y d e .  M o r e o v e r ,  i t  h a s  b e e n  found th a t  a t  l e a s t  one 
m e th y l  g ro u p  a d j a c e n t  to  c a r b o n y l  g ro u p  i s  in v o lv e d  in  the  
s e l f - c o n d e n s a t io n  p r o c e s s .  If  m e th y l  g ro u p s  on  e i t h e r  s id e  
of c a r b o n y l  g ro u p  a r e  r e p l a c e d  by  p h en y l  g ro u p s  (ben zo p h en o n e)  
th e n  t h e r e  i s  no r e a c t i o n .
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U n lik e  m o n o k e to n e s ,  a - d i k e t o n e s  ( b u ta n e - 2 ,  3 - d io n e ,  1 -p h e n y l -  
p r o p a n e - 1, 2 - d io n e  and  c y c l o h e x a n e - 1, 2 -d io n e )  r e a c t e d  r e a d i ly  
w ith  u r e a ,  1 - m e t h y l u r e a  and  1, 3 - d im e th y l u r e a  in  a c id  s o lu t io n  to  
give  i n t e n s e ly  c o lo u re d  p r o d u c t s .  T h e s e  c o l o u r s  h av e  b e e n  u s e d  
f o r  the  d e t e r m i n a t i o n  of u r e a  c o n c e n t r a t i o n  p r e s e n t  in  b io lo g ic a l  
f lu id s .  T h e  r e s p o n s i b l e  p r o to c h r o m o g e n s  w e r e  p u r i f i e d  e i t h e r  
by c o lu m n  c h r o m a to g r a p h y  o r  f r a c t i o n a l  c r y s t a l l i s a t i o n .  F o u r  
m a in  p r o d u c t s  i e ,  (28), (33), (41) and  (55), w e r e  o b ta in e d .  
A c id i f i c a t io n  of so lu t io n  (33) gave  a p u r p le  c o l o u r a t io n ,  th e  
i n t e n s i ty  of w h ich  i n c r e a s e d  w ith  t i m e .  T h e  r a t e  o f  c o lo u r  
i n t e n s i f i c a t io n  w as  a lso  i n c r e a s e d  by  b low ing  ox y g en  th ro u g h  th e  
s o lu t io n  and  by  a d d i t io n  of an  o x id i s in g  a g e n t .  I t  i s  a  's k ip p e d '  
d ie n e  and t h e r e f o r e  r e a d i l y  s u s c e p t ib le  to  r a d i c a l  o x id a t io n  a t  
the  m e th y le n e  g ro u p  to  g ive  a  h y d r o p e r o x id e .  P r o to n a t io n  of 
th i s  and  e l im i n a t io n  of h y d r o g e n  p e r o x id e  w ould  g ive  th e  c a r b o n i u m  
ion  (47), w h ich  i s  r e l a t e d  to  th e  c yan ine  d y e s .  T h e  p o s i t iv e  c h a r g e  
c a n  be d e l o c a l i s e d  on  one of th e  two o u te r  n i t r o g e n s  w ith  f o r m a t io n  
of a c o n ju g a te d ,  c h r o m o p h o r i c  s y s t e m .  S im i l a r l y ,  com pounds  (28) 
and (41), on h e a t in g  in  c o n c e n t r a t e d  H C l o r  H^SO^ w e r e  c o n v e r t e d  
in to  (33),  C o m p o u n d  (55) i s  a n o th e r  k in d  of p r o to c h r o m o g e n  and  
in  a c id  s o lu t io n  y ie ld e d  the  t e t r a c a t i o n  (56) w h ich  i s  r e s p o n s ib l e  
f o r  th e  c o lo u r .  T h e  c o lo u r  in t e n s i ty  w en t  on i n c r e a s i n g  w ith  
a c id  s t r e n g t h .  E t h y l e n e u r e a ,  w h ic h  i s  c lo s e ly  r e l a t e d  to  
1, 3 - d im e th y lu r  e a ,  d id  n o t  g ive  c o lo u r a t io n  w ith  o f -d ik e to n es .  
H o w e v e r ,  i t  g ave  p o ly m e r i c  m a t e r i a l  w ith  b u ta n e - 2 ,  3 -d io n e  and 
a n  i n t r a c t a b l e  t a r  w ith  1 - p h e n y lp r o p a n e -  1, 2 - d io n e ,  R e a c t io n  of 
c y c lo h e x a n e - 1 ,  2 -d io n e  w ith  e th y le n e u r e a  y ie ld e d  a  w h ite  p o w d e r  
and  th i s  w a s  id e n t i f i e d  by  a l l  a v a i l a b l e  m e a n s ,  A c y lo in s
:(û '-h y d ro x y k e to n e s )  r e a c t e d  w ith  u r e a s  to  f o r m  4 - im id a z o l in e -  
2 - o n e s  w h ic h  a l s o  gave  a c o l o u r a t io n  in  s t r o n g  a c i d .  In  th i s  
c a s e ,  th e  c a u s e  of c o lo u r  f o r m a t io n  w a s  no t f u r t h e r  in v e s t ig a t e d ,  f
R e a c t io n  m e c h a n i s m s  of a l l  t h e s e  r e a c t i o n s  a r e  d i s c u s s e d .
B e s id e s  m o n o  and  d ik e to n e s ,  u r e a  a l s o  r e a c t s  w ith  
d ia m in o e th a n e  and i t s  N - a lk y l  d e r i v a t i v e s  to  y ie ld  2 - i m i d a z o l i d i n e s , 
o f ten  kn o w n  a s  e th y le n e u r e a  d e r i v a t i v e s .  W e h a v e  found th a t  i t  i s  |
the  c a r b o n - n i t r o g e n  bond  of u r e a  w h ich  b r e a k s  dow n  d u r in g  the  
f o r m a t io n  of p r o d u c t s .  F i r s t ,  an  i s o c y a n a te  i n t e r m e d i a t e  i s  
f o r m e d  w h ich  g iv e s  r i s e  to  a  p o l y m e r .  T h i s  p o ly m e r ,  on h e a t in g ,  
c h a n g e s  to  a  m o n o m e r .
O x id a t io n  of N - s u b s t i t u t e d  t h i o u r e a s  w i th  h y d ro g e n  p e r o x id e ,  
n i t r o u s  a c id ,  b r o m i n e  and  b e n z o y l  p e r o x id e  y ie ld s  a  1 , 2 , 4 -  
th ia d ia z o le  r in g  s y s t e m .  T h e  p o s i t io n s  of p e r i p h e r a l  s u b s t i tu e n t s  
(a lk y l  and  a r y l )  a r o u n d  th e  th ia d ia z o l id in e  r in g  a r e  so p u z z l in g
'ith a t  one i s  u n c e r t a i n  of th e  s t r u c t u r e s  of th e  p r o d u c t s  r e s u l t i n g  
f r o m  th e  o x id a t io n  of t h i o u r e a s .  H o w e v e r ,  we h a v e  a t te m p te d  
to  e lu c id a te  th e  s t r u c t u r e s  of H e c t o r ' s  B a s e ,  D o s t ' s  B a s e ,  
and  r e l a t e d  c o m p o u n d s  by  n i t r o g e n - 15 and c a r b o n - 13 n m r  
s p e c t r o s c o p y .  T h e  s e n s i t i v i ty  of th ia d ia z o le  r in g  to  a c id  
d e p e n d s  upo n  th e  s u b s t i t u e n t s .  F o r  e x a m p le ,  w ith  2, 4 - d ip h e n y l - 
3, 5 -b is (p h e n y l im in o )  - 1, 2, 4 - th i a d ia z o l id i n e  and  2 ,4  - d i m e t h y l - 3, 5 -  
b is (p h e n y l im in o ) - 1, 2 , 4 - th ia d ia z o l id in e ^ a c id  c a t a ly s e d  
r e a r r a n g e m e n t  i s  m o r e  r a p id  in  th e  f o r m e r  th a n  th e  l a t t e r .  O n 
the  c o n t r a r y .  H e c t o r ' s  B a s e  and  D o s t ' s  B a s e  do n o t  u n d e rg o  rj
r e a r r a n g e m e n t  b e c a u s e  of t h e i r  c o n v e r s io n  in to  h e t e r o a r o m a t i c
c a t io n s  in  a c id  s o lu t io n .  T h e  b r e a k a g e  of N -S  bond  in  t h e s e  
c a t i o n s  a p p e a r s  to  be  im p o s s ib l e  in  v iew  of th e  a r o m a t i c i t y  
l o s t .  In  a d d i t io n  to  t h i s .  H e c t o r ’s B a s e  f o r m s  a d d i t io n  p r o d u c t s  
w ith  a n u m b e r  of r e a g e n t s ,  e . g .  c a r b o n  d is u lp h id e ,  m e th y l  
i s o th io c y a n a te ,  p h e n y l  i s o th io c y a n a te ,  m e th y l ,  and  p h e n y l  
i s o c y a n a te s .  T h e  e f fe c t  of b a s e  on th e s e  a d d u c t s  h a v e  a l s o  
b e e n  s tu d ie d .  T h e  e x o c y c l ic  n i t r o g e n  of H e c t o r ' s  B a s e  s e e m s  
to  be  m o r e  b a s ic  th a n  o th e r  n i t r o g e n s .  In  a c id  so lu t io n ,  th i s  
n i t r o g e n  i s  p r o to n a t e d  w h ich  in  t u r n ,  d e a c t iv a t e s  th e  p h en y l 
r in g  s i tu a te d  a t  p o s i t i o n  4 ,  A s  a  r e s u l t ,  th e  a n i l in o  p a r t  of 
th e  m o le c u le  i s  n i t r a t e d .  In  a l l  t h e s e  c a s e s  r e a c t i o n  m e c h a n i s m s  
r e l a t i n g  to  t h e i r  p r o d u c t s  a r e  d i s c u s s e d .
T h e  r e a c t i o n  b e tw e e n  a n  a lk a l in e  s o lu t io n  of s o d iu m  p i c r a t e  
and c r e a t i n i n e  g iv e s  a  r e d  c o l o u r a t i o n ,  w h ich  h a s  b e e n  u s e d  f o r  
m a n y  y e a r s  in  th e  q u a n t i t a t iv e  d e t e r m i n a t i o n  of c r e a t i n i n e  in  
b io lo g ic a l  f l u i d s .  B u t  th e  n a t u r e  of the  r e d  s p e c ie  s f o r m e d  in  
th i s  r e a c t i o n  h a s  n e v e r  b e e n  d e t e r m in e d  w ith  c e r t a i n t y .  H o w e v e r ,  
we w e r e  s u c c e s s f u l  in  i s o la t in g  th i s  s p e c ie s  and a t t e m p te d  to  
e s t a b l i s h  i t s  s t r u c t u r e  by  th e  a p p l ic a t io n  of s p e c t r a l  t e c h n iq u e s .  
F in a l ly ,  we h av e  a l s o  e x a m in e d  r e a c t io n s  of p i c r i c  a c id  w ith  
p y ru v ic  a c id ,  h y d a n to in  and  a c e to n e .
(i)
D E C L A R A T IO N
I d e c l a r e  th a t  th i s  t h e s i s  i s  b a s e d  on the  r e s u l t s  of e x p e r i m e n t s  
c a r r i e d  ou t by m e ,  th a t  i t  i s  m y  own c o m p o s i t io n ,  and  th a t  i t  h a s  ^
no t p r e v io u s l y  b e e n  p r e s e n t e d  f o r  a  H ig h e r  D e g r e e .
T h i s  t h e s i s  d e s c r i b e s  the  r e s u l t s  of r e s e a r c h  c a r r i e d  ou t in  
the  D e p a r tm e n t  of C h e m i s t r y  of th e  U n iv e r s i t y  of S t.  A n d re w s ,  
u n d e r  the  s u p e r v i s io n  of D r .  A . R .  B u t l e r ,  b e tw e e n  N o v e m b e r  1977 
and  A u g u s t  1980,
I sh tiaq 'T lu  s s a in
(il)
C E R T I F I C A T E
ii
I h e r e b y  c e r t i f y  th a t  I s h t i a q  H u s s a i n  h a s  s p e n t  tw e lv e  
t e r m s  of r e s e a r c h  w o rk  u n d e r  m y  s u p e r v i s io n ,  h a s  f u l f i l le d  
th e  c o n d i t io n s  of O r d in a n c e  G e n e r a l  N o . 12 an d  th e  
R e s o lu t io n  of th e  U n i v e r s i t y  C o u r t  1967, N o , 1, an d  i s  
q u a l i f ie d  to  s u b m i t  th e  a c c o m p a n y in g  t h e s i s  in  a p p l i c a t io n  f o r  
th e  d e g r e e  of D o c to r  of P h i lo s o p h y .
:




A C K N O W L E D G E M E N T
I a m  h ig h ly  in d e b te d  to  D r .  A . R .  B u t l e r  f o r  s u g g e s t in g  
th i s  top ic  of r e s e a r c h  and  f o r  h is  h e lp ,  e n c o u r a g e m e n t  and  
g u id a n ce  th ro u g h o u t  t h i s  w o rk .
I w is h  to  e x p r e s s  m y  g r a t i t u d e  to  P r o f e s s o r  L o r d  T e d d e r  
f o r  p e r m i s s i o n  to  u s e  th e  e x c e l l e n t  r e s e a r c h  f a c i l i t i e s  of the  
D e p a r tm e n t  of C h e m i s t r y .  M y th a n k s  a l s o  go to  D r .  D o u g la s  
L loyd  and D r .  C .  G lidew ell  fo r  h e lp fu l  d i s c u s s i o n s  .
I w ould l ik e  to  th a n k  a l l  t e c h n ic a l  s ta f f  of th e  C h e m i s t r y  
D e p a r tm e n t  f o r  th e  h ig h  q u a l i ty  s e r v i c e s  th e y  p r o v id e d ,  e s p e c i a l l y  
M r s .  M . S m ith  ( n m r ) ,  M r .  C .  M i l l a r  ( m a s s  s p e c t r a )  and 
M r s .  S. S m ith  ( m i c r o a n a l y s i s ) .  I w il l  no t f o r g e t  
M r .  C h a r l e s  T u c h e l  w h o se  f a s c in a t in g  s m i le  and b e a u t i fu l  l i t t l e  
j o k e s  a lw a y s  r e m o v e d  th e  o b n o x io u s  s m e l l  of c h e m i c a l s  f r o m  m y  
m in d  w h e n e v e r  I w e n t  to  th e  s t o r e  to  c o l l e c t  g o o d s .  I a m  a l s o  
g r a te f u l  to  M r s .  W . P o g o r z e l e c  f o r  ty p in g  th i s  t h e s i s .
M y th a n k s  a r e  a l s o  due to  a l l  m y  r e s e a r c h  c o l l e a g u e s ,  
f r i e n d s ,  and  f l a t - m a t e s ,  e s p e c i a l l y  M r .  M ah m o o d  ( I r a n ) ,
D r ,  H . S ing (Ind ia ) ,  M r .  V. C h a ip a n ic h  (T h a i la n d ) ,  M r ,  M a te e n  
(B a n g la d e s h ) ,  M r .  J .  A r r o y o  ( P e r u ) ,  M r .  M a s h o o r ,  M r .  H .A .  
K if l i  and  M r s .  A ta s h a  (M a la y s ia )  f o r  t h e i r  h a p p y  c o - o p e r a t i o n  
d u r in g  m y  s ta y  in  S t .  A n d r e w s ,
F in a l ly ,  I g r a t e  fu l l  a c k n o w le d g e  f in a n c ia l  a s s i s t a n c e  f r o m  
th e  G o v e r n m e n t  of P a k i s t a n  and  th e  U n iv e r s i t y  of th e  P u n ja b ,  
L a h o r e ,  P a k i s t a n .
(iv)
C O N T E N T S
P a g e
C H A P T E R  1: R e a c t io n  of u r e a ,  1 - m e t h y lu r e a  and  1 ,3 -  
d im e th y l u r e a  w ith  a c e to n e ,  m e s i t y l  o x id e ,  
a c e to p h e n o n e ,  b e n z o p h e n o n e  and  b e n z a ld e h y d e
I n t r o d u c t io n  1
R e s u l t s  and  D i s c u s s i o n  3
E x p e r i m e n t a l  13
C H A P T E R  2: R e a c t io n  of u r e a ,  1 - m e t h y lu r e a ,  1 , 3 -
d im e th y l u r e a  an d  e th y le n e u r e a  w ith  b u ta n e -2 ,  3- 
d io n e ,  1 - p h e n y lp r o p a n e - 1, 2 -d io n e ,  so m e  
a c y lo in s ,  and  c y c l o h e x a n e - 1, 2 -d io n e
In t r o d u c t io n  20
R e s u l t s  and  D i s c u s s i o n  22
E x p e r i m e n t a l  52
C H A P T E R  3: R e a c t io n  of u r e a ,  1 - m e t h y lu r e a ,  1 , 1 ' -  
d im e th y l u r e a  and  1, 3 - d im e th y lu r  e a  w ith  
1, 2 - d ia m in o e th a n e ,  1, 2 - d im e th y l a m in o e th a n e ,
1 - d im e th y l a m in o - 2 - a m in o e t h a n e  and 1 , 3 -  
d ia m in o p r o p a n e
I n t ro d u c t io n  68
R e s u l t s  and  D i s c u s s i o n  69
E x p e r i m e n t a l  7 5
C H A P T E R  4: O x id a t io n  of N - s u b s t i t u t e d  t h i o u r e a s  w ith  
h y d ro g e n  p e r o x id e ,  n i t r o u s  a c id ,  b r o m i n e  
and  b e n z o y l  p e r o x id e .  E f f e c t  of b a s e  on  
H e c t o r ' s  B a s e  a d d u c t s  and  n i t r a t i o n  of H e c t o r ' s  
B a s e
In t ro d u c t io n  79
R e s u l t s  and  D i s c u s s i o n  81
E x p e r i m e n t a l  101
(v)
P a g e
C H A P T E R  5: S t r u c t u r e  e lu c id a t io n  of H e c t o r ' s  B a s e ,  !
D o s t ' s  B a s e ,  and  r e l a t e d  c o m p o u n d s  by ]In i t r o g e n - 15 and  c a r b o n - 13 n m r  I
s p e c t r o s c o p y  i
In t r o d u c t io n  112
R e s u l t s  and  D i s c u s s i o n  113
E x p e r i m e n t a l  122
C H A P T E R  6; R e a c t io n  of an  a lk a l in e  s o lu t io n  of  p i c r i c
a c id  w ith  c r e a t i n i n e ,  h y d a n to in ,  and  
p y r u v ic  ac id
I n t r o d u c t io n  128
R e s u l t s  and  D i s c u s s i o n  129
E x p e r i m e n t a l  146
A P P E N D IX  152
R E F E R E N C E S  153
;
3
R e a c t io n  of u r e a ,  1 - m e t h y l u r e a ,  and  1, 3 - d im e th y l u r e a  
w ith  a c e to n e ,  m e s i ty lo x i d e ,  a c e to p h e n o n e ,  b e n z o p h e n o n e ,  
and b e n z a ld e h y d e .
'A
y
C H A P T E R  1
I









IN T R O D U C T IO N
U r e a  i s  of h i s t o r i c a l  i n t e r e s t  in  th e  d e v e lo p m e n t  of o r g a n ic  
c h e m i s t r y .  I t  w a s  d i s c o v e r e d  in  u r i n e  by  R o u e l le  in  1773 
(S id g w ick ,  1966) an d  th e  G e r m a n  C h e m i s t s  W o h le r  (1828) 
r e p o r t e d  i t s  s y n th e s i s  f r o m  in o r g a n ic  s t a r t i n g  m a t e r i a l ,  D a v y  in  
1812 (S id g w ick ,  1966) p r e p a r e d  u r e a  by  th e  r e a c t i o n  of p h o s g e n e  
w i th  a m m o n ia ,  b u t  he  d id  n o t  id e n t i fy  th e  p r o d u c t  of r e a c t i o n .  I t  
w a s  r e c o g n i s e d  by  D u m a s  (S id g w ick ,  1966) a s  b e in g  th e  a m id e  of 
c a r b o n i c  a c id .  X - R a y  d a ta ,  d i e l e c t r i c  c o n s t a n t  m e a s u r e m e n t s ,  and  
o t h e r  e v id e n c e  a r e  s t r o n g ly  in  f a v o u r  of a  m e s o m e r i c  s t r u c t u r e  
w h e r e  th e  d i p o l a r  f o r m  (1) m a k e s  a  s ig n i f i c a n t  c o n t r i b u t i o n  (S id g w ick ,  
1966).
T h e  m e s o m e r i c  s t r u c t u r e s  f o r  u r e a  s u g g e s t  th a t  O - p ro to n a t io n  i s  
m o r e  l ik e ly  th a n  N - p r o t o n a t i o n .  T h e  f o r m e r  r e s u l t s  in  a  c a t io n  th a t  
i s  i t s e l f  r e s o n a n c e  s t a b i l i s e d  (2). T h i s  h a s  b e e n  c o n f i r m e d  by  p r o to n  
n m r  ( K a t r i t z k y  an d  J o n e s ,  1961 ; R e d p a th  and  S m i th ,  1962; O la h  an d  
W h i te ,  1970; F r a e n k e l  and  F r a n c o n i ,  I9 6 0 ;  G i l l e s p i e  and  B i r c h a l l ,
1963; S t e w a r t  and  M u e n s t e r ,  1 961) and  c a r b o n -  13 n m r  s tu d ie s  ( B u t l e r  
and  G l id e w e l l ,  197 8). T h e r e  i s  e v id e n c e  f r o m  n i t r o g e n - 15 n m r  
s tu d ie s  th a t  f o r m a t i o n  of th e  d ip r o to n a te d  f o r m  (3) m a y  o c c u r  (L e v y  
and  L i c h t e r ,  1979).
H o w e v e r ,  in  th e  p r e s e n t  s tu d y  of th e  r e a c t i o n s  of u r e a  and  i t s  
N - a lk y l  d e r i v a t i v e s  w i th  m o n o k e to n e s  u n d e r  a c id ic  c o n d i t io n s  i t  h a s  
b e e n  a s s u m e d  th a t  i t  i s  th e  o x y g en  of u r e a  w h ic h  i s  p r o t o n a t e d .  T h e  
p r e s e n c e  of a  c a r b o n y l  g ro u p  a d j a c e n t  to  th e  a t t a c k in g  a m in o  g ro u p
m a k e s  th e  n i t r o g e n  a to m  l e s s  b a s i c .  B e c a u s e  of th e  w eak  
n u c le o p h i l i c i ty  of a m i d e s ,  c a t a l y s i s  i s  i m p o r t a n t .  R e a c t io n  
a l s o  o f ten  r e q u i r e s  a c t iv a t e d  c a r b o n y l  c o m p o u n d s  (N e w a l l i s  and  
R u m a n o w s k i ,  1964) an d  h e a t in g  a t  r e l a t i v e l y  h igh  t e m p e r a t u r e s ,  
e s p e c i a l l y  w ith  m o n o k e to n e s .
U r e a  r e a d i l y  c o n d e n s e s  w ith  a  n u m b e r  of a ld e h y d e s  (K i ln e r  
and S a m u e l ,  I9 6 0 ; S ch iff ,  1869; O g a ta  e t al,. 1965, 1966) bu t e x h ib i t s  
a  l i t t l e  te n d e n c y  to  r e a c t  w ith  m o n o k e to n e s  b e c a u s e  th e  a lk y l  g r o u p s  fj
h a v e  an  e l e c t r o n - r e p e l l i n g  e f fe c t  and  d e c r e a s e  th e  p o l a r i s a t i o n  3
of th e  c a r b o n y l  g ro u p .  S i m i l a r l y ,  th e  p r e s e n c e  of e l e c t r o n - Iw ith d ra w in g  g ro u p s  a d j a c e n t  to  th e  c a r b o n y l  g ro u p  ( a s  in  h a lo g e n a te d  J
k e to n e s )  w i l l  i n c r e a s e  th e  p o l a r i s a t i o n  of the  c a r b o n y l  g ro u p .
A c e to n e  and  a c e to p h e n o n e  e x i s t  p r e d o m i n a n t l y  in  th e  k e to  f o r m  in  |
a c id  so lu t io n  and  u n d e r g o  s e l f - c o n d e n s a t io n  to  g ive  m e s i t y l  ox ide  ||
and dypnone  w ith  e l im i n a t io n  of w a t e r ,  w h ich  s u b s e q u e n t ly  r e a c t  
w ith  u r e a s .  In  th e  a b s e n c e  of u r e a s  t h e r e  i s  f u r t h e r  s e l f - c o n d e n s a t io n  
to  y ie ld  p h o r o n e ,  i s o p h o ro n e  and  1, 3, 5 - t r i p h e n y lb e n z e n e ,  T h i s  
c h a p t e r  i s  c o n c e r n e d  w ith  a  s tu d y  of th e  r e a c t i o n s  of u r e a ,  1- m e t h y l - 
u r e a ,  and  1, 3 - d i m e t h y l u r e a  w ith  a c e to n e ,  m e s i t y l  o x id e ,  a c e to p h e n o n e ,  
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R E S U L T S  AND DISCUSSION
R e a c t io n s  with, a c e to n e  and m e s ity lo x id e
T h e  r e a c t io n  of a c e to n e  w ith  u r e a  h a s  b e e n  e x a m in e d  s e v e r a l  
t i m e s  p r e v io u s l y  and  d i f f e r e n t  s t r u c t u r e s  h a v e  b e e n  p r o p o s e d  f o r  
th e  r e a c t i o n  p r o d u c t .  T h e  f i r s t  r e p o r t  a p p e a r s  to  be  th a t  of 
W e in s c h e n k  (1901) who s u g g e s te d  (4) on th e  g ro u n d s  th a t  a lk a l in e  
h y d r o ly s i s  gave  a c e to n e ,  a m m o n ia ,  and  C O ^ . H a r v e y  (1952) p r o p o s e d  
(5), in  a  p a t e n t .  O n th e  b a s i s  of s p e c t r a l  e v id e n c e  H a t t  and  T r i f f e t t  
(1965) and  Z i g e u n e r  e t  a l  ( 1966) p r o p o s e d  a  h y d r o p y r im id in e  (6).
T h i s  i s  s u p p o r te d  by  th e  o b s e r v a t i o n  th a t  (6) c a n  b e  o b ta in e d  by 
r e a c t io n  of p h o ro n e  (7) and  u r e a .  A c c o r d in g  to  H a t t  and T r i f f e t t  
(1965) t h e r e  i s  a  d o u b le t  in th e  60 M Hz p ro to n  n m r  s p e c t r u m  in  D^O 
s o lv e n t  (8 0 ° ) ,  a t  5  1. 30 (12H) p p m ; and th i s  s p l i t t in g  i s  d i f f i c u l t  to  
u n d e r s t a n d .  M o r e  r e c e n t l y  In o i  e t  a l  (1966) p r o p o s e d  (8). In  t h e i r  
p ro to n  n m r  s p e c t r u m  th e  tw o  p a i r s  of g e m in a i  m e th y l  p r o to n s  a p p e a r  
a s  a s in g le t ,  a t  S 1 .5 6  p p m ;  b u t  f o r  th e  seco n d  s in g le t ,  2 ,4 0  p p m ,  
i t  h ad  to  be a s s u m e d  th a t  th e  c h e m ic a l  s h i f ts  of th e  o th e r  m e th y l  
p r o to n s  and  th e  p r o to n  a t  th e  b r id g e h e a d  w e r e  i d e n t i c a l ,  w h ich  i s  
u n l ik e ly .
We  p r e p a r e d  th e  p r o d u c t  of r e a c t i o n  of u r e a  and  a c e to n e  and  
c o n f i r m e d  i t s  m o l e c u l a r  f o r m u l a .  T h e  p ro to n  n m r  s p e c t r u m  in  |
t r i f l u o r o a c e t i c  a c id  w as, in  g e n e ra l ,  c o n s i s t e n t  w ith  (6), b u t  a  m o l e c u l a r  j
m o d e l  in d ic a te d  th a t  th e  m e th y l  g ro u p s  of e a c h  g e m in a i  p a i r  w e r e  n o t  ;|
in  th e  s a m e  e n v i ro n m e n t  (w h ich  shou ld  le a d  to  two s in g le t s ,  of e q u a l  IJ





t h e r e  shou ld  a l s o  be  g e m in a l  s p l i t t in g  of th e  two m e th y le n e
p r o t o n s .  W hen  th e  p ro to n  n m r  s p e c t r u m  in  [^H ^]D M S O  a t  120^
w a s  r e c o r d e d ,  th e s e  f e a t u r e s  w e r e  o b s e r v e d .  T h e r e  w e r e  tw o
eq u a l  s in g le t s  a t  6 1 .1 5  and  1 ,1 8  p p m  and a  d i s t o r t e d  double
d o u b le t  c e n t r e d  a t  1 .8 9  p p m  (J  14 H z ) ,  T h e  c a r b o n - 1 3  n m rg e m Is p e c t r u m  s u p p o r te d  (6), .le a ther  th a n  an y  o th e r  p r o p o s e d  s t r u c t u r e .
A p a r t  f r o m  th e  m e th y l  g r o u p s  and  c a r b o n y l  g r o u p s  t h e r e  a r e  on ly  -yj
t h r e e  d i f f e r e n t  c a r b o n  a t o m s  in  (6) and  th e  n o i s e - d e c o u p le d  s p e c t r u m  i
j|
had  p e a k s  a t  iS 4 8 ,0 1 ,  52, 98 and  6 3 .3 2  p p m . In th e  o f f - r e s o n a n c e
■3s p e c t r u m  th e  f i r s t  b e c a m e  a  t r i p l e t  and  th e  o th e r  tw o  r e m a in e d  a s  
s in g le t s .  W e c o n c lu d e ,  t h e r e f o r e ^ t h a t  (6) i s  th e  c o r r e c t  s t r u c t u r e .  ,
A c id  h y d r o ly s i s  of th e  a c e t o n e - u r e a  a d d u c t  g av e  a co m p o u n d  of |
Im o l e c u l a r  f o r m u l a  w h ich  H a tt  an d  T r i f f e t t  (1 9 6 ^  p r o p o s e d
s t r u c t u r e  (9), w ith o u t  an y  k n o w le d g e  of th e  n m r  s p e c t r u m .  T h e  
s a m e  c o m p o u n d  i s  o b ta in e d  by  th e  r e a c t io n  of m e s i t y l  o x ide  and  
u r e a  and  we p r e p a r e d  a  s a m p le  in  th i s  m a n n e r .  T h e  p r o to n  n m r  
s p e c t r u m  in  t r i f l u o r o a c e t i c  a c id  h a s  t h r e e  v e r y  c l o s e  u p - f i e ld  
s in g le t s  (15H), tw o d i s t o r t e d  doub le  d o u b le ts  (4H ), s u g g e s t in g  
two m e th y le n e  g ro u p s  in  d i f f e r e n t  e n v i r o n m e n ts ,  and  one s in g le t  
o le f in ic  p r o to n .  T h e s e  d a ta  a r e  n o t  in  a g r e e m e n t  w ith  (9) b u t  
s u g g e s t ,  i n s t e a d ,  s t r u c t u r e  (10),  T h i s  s t r u c t u r e  w a s  c o n f i r m e d  
by the  n o i s e - d e c o u p le d  c a r b o n - 13 n m r  s p e c t r u m .  A p a r t  f r o m  
the  m e th y l  g r o u p s ,  th e  s p e c t r u m  in d ic a te d  a t  l e a s t  n in e  d i f f e r e n t  
c a r b o n  a to m s  and th e  s h i f t s  w e r e  c o n s i s t e n t  w ith  s t r u c t u r e  (10), .A
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In  th e  o f f - r e s o n a n c e  s p e c t r u m  th e  tw o p e a k s  a s s ig n e d  to th e  m e th y le n e  
g ro u p s  (S 4 5 . 8 0  and  45 . 96 ppm ) b e c a m e  t r i p l e t s ,  one  o le f in ic  c a r b o n  
( b  11 4 .0 4  p pm ) b e c a m e  a d o u b le t  and  a l l  the  o t h e r s  r e m a in e d  a s  
s in g le t s .  T h e  r e s u l t s  a g r e e  w ith  s t r u c t u r e  (10).
C o m p o u n d  (6) i s  f o r m e d  f r o m  p h o ro n e  (7) and  u r e a  and  th i s  
s u g g e s t s  th a t  p a r t  of th e  r e a c t i o n  i s  the  c o n d e n s a t io n  of t h r e e  m o l e c u le s  
of a c e to n e  to  g ive  (7), M e s i ty l  o x id e  i s  p r o b a b ly  th e  f i r s t  p r o d u c t ,  bu t 
th i s  a p p e a r s  to  r e a c t  f a s t e r  w ith  a th i r d  m o le c u le  of a c e to n e  th a n  w ith  
u r e a ,  a s  (10) i s  n o t  f o r m e d  in  th e  r e a c t i o n  b e tw e e n  u r e a  and  a c e to n e .  
T h e  m e c h a n i s m  is  sh o w n  in  S c h e m e  1, P r o to n a t io n  of (7) m a k e s  i t  
s u s c e p t ib le  to  a  M ic h a e l  c o n d e n s a t io n  r e a c t i o n  w ith  u r e a .  If  th e  
r e s u l t i n g  double bond  i s  p r o to n a t e d  th e n  c y c l i s a t i o n  c a n  be  e f f e c te d  to  
g ive  (11), P r o to n a t io n  of th e  h y d r o x y - g r o u p  f a c i l i t a t e s  a s eco n d  
M ic h a e l  c o n d e n s a t io n  by  u r e a ,  th i s  t i m e  w ith  e l im i n a t io n  of w a t e r .  
P r o to n a t io n  of th e  r e m a in in g  doub le  bond e f fe c ts  a  seco n d  c y c l i s a t i o n  
and f o r m a t io n  of th e  s p i r o - c o m p o u n d  (6),
T h e  r e a c t i o n  w ith  m e s i t y l  o x ide  m u s t  fo llow  a  d i f f e r e n t  c o u r s e ,  
a l th o u g h  tw o s i m i l a r  c y c l i s a t i o n s  o c c u r .  T h e  f i r s t  s te p  a p p e a r s  to  
be c o n d e n s a t io n  of tw o m o l e c u l e s  of m e s i t y l  ox ide  to  f o r m  (12),  A 
M ic h a e l  c o n d e n s a t io n  fo llo w ed  by c y c l i s a t i o n  g iv e s  (13), w h ich  c a n  
e l im in a te  w a te r  w ith  c r e a t i o n  of a  doub le  bond .  P r o to n a t io n  of th e  
s p e c ie s  (13) in  s u c c e s s io n  p e r m i t s  n u c le o p h i l i c  a t t a c k  by u r e  and 
c y c l i s a t i o n  to  (10 ) ,  T h e  s t r a n g e  c o u r s e  of the  r e a c t i o n s  m a y  be  
due to  the low  b a s i c i t y  of u r e a  l in k e d  w ith  a f a i r  d e g r e e  of 
n u c le o p h i l i c i ty  and  th e  r e a d i n e s s  of the  i n t e r m e d i a t e s  to  e l im in a te  
th e  e l e m e n t s  of w a t e r .
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R e a c t i o n  o f  l - m e t h y l u r e a  w i th  a c e t o n e  u n d e r  s i m i l a r  
e x p e r i m e n t a l  c o n d i t i o n s  gave  a n  a n a l o g o u s  p r o d u c t  (15).  T h e  
s t r u c t u r e  w a s  e l u c i d a t e d  f r o m  th e  p r o t o n  and c a r b o n - 13 n m r  
s p e c t r a .  T h e  m o s t  d i a g n o s t i c  f e a t u r e s  of the  p r o t o n  n m r  s p e c t r u m  
w e r e  t h r e e  s i n g l e t s  ( eac h  of 6H) a t  ^ 1 . 2 7 ,  1. 36 and  2 . 7 2  p p m ,  
g e n e r a t e d  by  th e  m e t h y l  g r o u p s ,  and  a  d i s t o r t e d  doub le  d o u b le t  
(4H) a t  2 . 2 2  p p m  c o r r e s p o n d i n g  to  th e  two m e t h y l e n e  g r o u p s .
T h e r e  a r e  two v a r i a t i o n s  of  (15) w i th  the  m e t h y l  g r o u p s  in  d i f f e r e n t  
r e l a t i v e  p o s i t i o n s ,  and  w e  w e r e  u n a b le  to d i s t i n g u i s h  b e t w e e n  t h e m  
and  th u s  e s t a b l i s h  the  s t r u c t u r e  u n a m b i g u o u s l y .  H o w e v e r ,  if
* s e e  appendix
we a s s u m e  t h a t  t h e  m e c h a n i s m  i s  th a t  shown in  S c h e m e  1, and
V .|
th a t  the  N M e g r o u p  i s  th e  m o r e  n u c l e o p h i l i c  p a r t  o f  t h e  m o l e c u l e ,  ‘
th e n  (15) i s  the  r e s u l t i n g  p r o d u c t ,  A s ide  p r o d u c t  in  t h i s  r e a c t i o n  
w a s  d i m e t h y l c y a n u r i c  a c i d .
T h e  r e a c t i o n  of l - m e t h y l u r e a  w i th  m e s i t y l  ox ide  fo l l o w s  th e  
s a m e  c o u r s e  a s  t h a t  of u r e a  and  the p r o d u c t  i s  (16) .  A l l  the  s p e c t r a l  
d a t a  a r e  c o n s i s t e n t  w i th  t h i s  s t r u c t u r e .  A g a in  t h e r e  a r e  two o t h e r  
p o s s i b i l i t i e s  bu t  one  w a s  s e l e c t e d  b e c a u s e  of t h e  a b s e n c e  of a n  
a l l  y l i e  c o u p l in g  of th e  o le f in ic  p r o t o n ,  a s  had  b e e n  n o te d  in (21).  
U n f o r t u n a t e l y ,  th e  m e c h a n i s m  in  S c h e m e  2 l e a d s  to t h e  N M e g r o u p s  
in d i f f e r e n t  r e l a t i v e  p o s i t i o n s .  At p r e s e n t  w e  h a v e  no w ay  of f ix ing  
the  s t r u c t u r e  u n a m b i g u o u s l y .
T h e  on ly  p r o d u c t  o b ta in e d  on th e  r e a c t i o n  of a c e t o n e  and 









R e a c t i o n s  w i th  a c e t o p h e n o n e  and  b e n z o p h e n o n e
E q u i m o l a r  a m o u n t s  of u r e a  and  a c e to p h e n o n e  w i l l  r e a c t  w i th  
e l i m i n a t i o n  of w a t e r ,  w h ic h  w a s  r e m o v e d  by a z e o t r o p i c  d i s t i l l a t i o n .  
T h r e e  s u b s t a n c e s  w e r e  i s o l a t e d  f r o m  th e  p r o d u c t s .  T w o  w e r e  the  
e x p e c t e d  s e l f - c o n d e n s a t i o n  p r o d u c t s  of a c e to p h e n o n e ,  v i z .  1 , 3 , 5 -
t r i p h e n y l b e n z e n e  (17) and  1, 3 - d i p h e n y l b u t - 2 - e n - 1 - one (dypnone) (18). |
t
T h e  l a t t e r  i s  g e n e r a l l y  p r e p a r e d  by  the r e a c t i o n  of a c e to p h e n o n e  w i th  t1
a lu m in iu m - ;^ -b u to x id e  ( W i s l i c e n u s ,  1895), We h a v e  shown,  by p r o t o n  |
■1and  c a r b o n - 13 n m r  s p e c t r o s c o p y ,  t h a t  the  dypnone  w e  o b ta in e d  i s  a  ,1
m i x t u r e  of th e  two i s o m e r i c  f o r m s  (18a  and b) .  T h e  two h ig h  f i e ld  -j
:|s i n g l e t s  in  th e  p r o t o n  n m r  s p e c t r u m  ( 5 2 , 4 2  and  2 .  54 ppm )  show 
th a t  t h e r e  a r e  tw o m e t h y l  g r o u p s  in s l ig h t ly  d i f f e r e n t  e n v i r o n m e n t s ,  i
T h e r e  i s  s o m e  e v i d e n c e  of s p l i t t in g  in  e a c h  of t h e s e  s i n g l e t s ,  due to 
a l ly l i c  c o u p l in g ,  b u t  the  co u p l in g  c o n s t a n t s  a r e  too  s m a l l  to m e a s u r e .
T h e  t o t a l  p e a k  a r e a  of t h e s e  two s in g l e t s  w a s  t a k e n  a s  e q u i v a le n t  to 
s ix p r o t o n s .  T h e r e  i s  a  d o u b le t  ( 5 7 . 1 0  p p m ) ,  p r o b a b l y  due to  t h e  
m e t h i n e  p r o t o n  in  (18a) ,  and  the  p e a k  a r e a  i n d i c a t e s  one  p r o t o n .
T h e r e  i s  a n o t h e r  m e t h i n e  p r o t o n  d o ub le t  a t  l o w e r  f i e l d  ( § 7 ,  89 ppm )  j
but  i t  i s  too  c l o s e  to  the  a r o m a t i c  p r o t o n s  to a l lo w  s e p a r a t e  d e t e r m i n a t i o n  ^
of the  p e a k  a r e a .  T h e  c o m p l e t e  p e a k  a r e a  f o r  the  r e g i o n  5 7 . 2 0 - 7 , 9 8  j!|
p p m ;  w h ic h  in c l u d e s  th e  m e t h i n e  p r o t o n  of (18b),  c o r r e s p o n d s  to 21 
p r o t o n s .  T h i s  i s  c o r r e c t  f o r  the  two p h e n y l  g r o u p s  of (18a  and  b) and  i
the  m e t h i n e  p r o t o n  of (18b) .  T h e  p e a k  a r e a s  h e r e ,  and th o s e  f o r  the  
m e t h y l  p r o t o n s ,  show t h a t  the  two i s o m e r s  a r e  p r e s e n t  i n  eq u a l  







F u r t h e r  e v i d e n c e  f o r  two i s o m e r s  of dypnone  c o m e s  f r o m  
an  e x a m i n a t i o n  of the c a r b o n - 13 n m r  s p e c t r u m .  T h e r e  ag a in ,  
two s h i f t s  c o r r e s p o n d i n g  to t h e  two m e t h y l  g r o u p s  ( 5 l?.s 80 
and 2 5 .4 1  ppm)^both  of w h ic h  b e c o m e  q u a r t e t s  in  t h e  o f f - r e s o n a n c e  
s p e c t r u m ,  and  t h e r e  a r e  tw o s h i f t s  c o r r e s p o n d i n g  to two c a r b o n y l  
g r o u p s  ( 8 1 89.  68 and  190 .2 4  p p m ) .
T h e  t h i r d  p r o d u c t  of  r e a c t i o n  i s  the  one of g r e a t e s t  i n t e r e s t  
to u s .  T h i s  one  d o e s  c o n t a i n  n i t r o g e n  and  a l l  t h e  s p e c t r o s c o p i c  
d a t a  p r o v e  th a t  i t  i s  1, 6 - d i h y d r o - 2 - h y d r o x y - 6 - m e t h y l - 4 ,  6 - d i p h e n y l - 
p y r i m i d i n e  (19).  T h i s  c o m p o u n d  w a s  f i r s t  p r e p a r e d  by the  
r e a c t i o n  of u r e a  and  a c e to p h e n o n e  by  S cho l t z  (1915) who p r o p o s e d  
an  o p e n - c h a i n  s t r u c t u r e .  T h i s  w a s  q u e s t i o n e d  by  F o l k e r s  and 
J o h n s o n ,  (1933),  who s u g g e s t e d  th a t  th e  p r o d u c t  w a s  a  r e d u c e d  
p y r i m i d i n e .  O u r  e v i d e n c e  s u p p o r t s  t h i s  a s s i g n m e n t .  T h e  
n o m e n c l a t u r e  of r e d u c e d  p y r i m i d i n e s  h a s  b e e n  d i s c u s s e d  by B ro w n  
(1962).
D e t a i l s  of the  n m r  s p e c t r a  a r e  g iv e n  in th e  E x p e r i m e n t a l  s e c t i o n  
and only  p o in t s  of s p e c i a l  i n t e r e s t  w i l l  be d i s c u s s e d  h e r e .  In  the  
p r o t o n  n m r  s p e c t r u m  on ly  one NH s igna l  i s  s e e n  ( 8 . 6 6  ppm) 
s u g g e s t in g  th a t  (19) e x i s t s  a s  the  h y d r o x y - c o m p o u n d  (20),  r a t h e r  
t h a n  in  t h e  o x o - f o r m .  T h e  d o u b le t  a t  5 . 3 5  p p m  i s  of s o m e  i n t e r e s t .
I t  i s  the  p r o t o n  a t  p o s i t i o n  5 s p l i t  by  the  NH p r o t o n .  T h e  s p l i t t in g  
d i s a p p e a r s  on s p in  t i c k l i n g .  In  the  c a r b o n - 13 n m r  s p e c t r u m  :the 
s h i f t s  a t  8 1 0 4 . 4 9  and  57 .0 4  p p m  a r e  due  to C - 5  and C - 6 .  T h e  
f o r m e r  b e c o m e s  a d o u b le t  in  th e  o f f - r e s o n a n c e  s p e c t r u m ,  w h i le  
th e  l a t t e r  r e m a i n s  a s  a  s in g l e t .
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f o r m a t i o n  of a l l  t h r e e  p r o d u c t s .  Such  a m e c h a n i s m  i s  shown 
in  S c h e m e s  3 an d  4 .  P r o t o n a t i o n  of th e  eno l ic  f o r m  of a c e t o p h e n o n e  
g iv e s  i t  a  good l e a v in g  g r o u p  ( w a t e r ) .  T h e  u n p r o t o n a t e d  eno l ic  f o r m  
of a c e t o p h e n o n e  c a n  a c t  a s  a  n u c l e o p h i l e  and r e a c t i o n  b e t w e e n  the  
two r e s u l t s  in  t h e  f o r m a t i o n  of  (22),  w i th  the  e l i m i n a t i o n  of w a t e r .  
D e p r o t o n a t i o n  and  a p r o t o t r o p i c  sh i f t  y i e ld s  d y pnone  (18).  H o w e v e r ,  
r e a c t i o n  of th e  eno l ic  f o r m  of dypnone  w i th  a n o t h e r  m o l e c u l e  of 
p r o t o n a t e d  a c e to p h e n o n e  r e s u l t s  in  t h e  f o r m a t i o n  of (23),  w i th  
e l i m i n a t i o n  of w a t e r .  C y c l i s a t i o n  of (23) c a n  o c c u r ,  w i th  e l i m i n a t i o n  
of m o r e  w a t e r  and d e p r o t o n a t i o n ,  to g ive  t r i p h e n y l b e n z e n e  (17),
W h en  u r e a  w a s  o m i t t e d  f r o m  the  m i x t u r e  dypnone  w a s  th e  m a i n  
p ro d u c t .
H o w e v e r ,  in t h e  p r e s e n c e  of u r e a  dypnone  u n d e r g o e s  a  r e a c t i o n  
o t h e r  t h a n  f o r m a t i o n  of t r i p h e n y l b e n z e n e .  A s  show n in  S c h e m e  4,  
u r e a  m a y  a c t  a s  a  n u c l e o p h i l e  and  u n d e r g o  a M i c h a e l  c o n d e n s a t i o n  
wi th  d y p n o n e ,w h i c h  i s  a n  un  s a t u r a t e d  k e t o n e .  P r o t o n a t i o n  of the 
in i t i a l  a d d u c t  p r o v i d e s  a good l e a v i n g  g roup  (w a te r )  f o r  c y c l i s a t i o n  
to  o c c u r .
W i th  l - m e t h y l u r e a ,  th e  m a i n  p r o d u c t  w a s  (21).  A l l  the  
s p e c t r o s c o p i c  d a t a  a r e  c o n s i s t e n t  w i th  t h i s  s t r u c t u r e .  T h e  on ly  
q u e s t i o n  i s  the  p o s i t i o n  of t h e  N M e g r o u p  r e l a t i v e  to  th e  r i n g  
doub le  bond .  In  the  p r o t o n  n m r  s p e c t r u m  th e  m e t h i n e  h y d r o g e n  
w a s  sp l i t  in to  a d o u b le t  and  t h e  s p l i t t in g  d i s a p p e a r e d  on  ad d i t io n  
of D^O and  on  s p in  t i c k l i n g .  T h e s e  o b s e r v a t i o n s  a r e  c o n s i s t e n t  
w i th  s t r u c t u r e  (21). T h e  s t r u c t u r e  i s  r i g h t  f o r  th e  m e c h a n i s m  
shown in  S c h e m e  4 ,  a s s u m i n g  th a t  th e  N M e g r o u p  i s  th e  m o r e  
n u c l e o p h i l i c  end  of the  l - m e t h y l u r e a  m o l e c u l e .
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W ith  1, 3 - d i m e t h y l u r e a ,  t h e  on ly  p r o d u c t ,  e v e n  a f t e r  r e f lu x i n g  
f o r  51 h,  w a s  dypnone  and  1, 3, 5 - t r i p h e n y l b e n z e n e .  T h e  r e a s o n  
f o r  t h i s  m u s t  b e  s t e r i c .  T h e  p r e s e n c e  of a  m e t h y l  g r o u p  m u s t  
p r e v e n t  the  c y c l i s a t i o n  s t e p  s how n  in  S c h e m e  4 and so t h e r e  i s  
no th ing  to d r i v e  the  r e a c t i o n  t o w a r d s  th e  s t a b l e ,  cycl ic  d i h y d r o ­
p y r i m i d i n e .
S i m i l a r  r e a c t i o n s  to t h o s e  d e s c r i b e d  above  w e r e  t r i e d  wi th  
b e n z o p h e n o n e  bu t ,  in  a l l  c a s e s ,  u n c h a n g e d  s t a r t i n g  m a t e r i a l s  w e r e  
r e c o v e r e d .  T h i s  r e f l e c t s  t h e  i m p o r t a n t  r o l e  of th e  m e t h y l  g r o u p  
in  su c h  r e a c t i o n s .
R e a c t i o n s  w i th  b e n z a l d e h y d e
T h e  c o n d e n s a t i o n  of u r e a  w i th  a l i p h a t i c  a l d e h y d e s  h a s  b e e n  
r e p o r t e d  (Ogata  et  al,* 1 9 6 5 ,1 9 6 6 ) .  T h e  p r o d u c t s  of the  r e a c t i o n s  
a r e  p r i n c i p a l l y  a l k y l i d e n e d i u r e a s ,  a l th o u g h  o t h e r  p r o d u c t s  a r e  
p o s s i b l e .  T h e  r e a c t i o n  of u r e a  w i th  b e n z a l d e h y d e  w a s  f i r s t  
r e p o r t e d  by Sch if f  (1869),  who s u g g e s t e d  an  e m p i r i c a l  f o r m u l a  
f o r  the  p r o d u c t  of ^ 9^  1 2 ^ 4 ^ 2  s t r u c t u r e  (24) .  B e f o r e  
d i s c u s s i n g  th e  r e a c t i o n  of u r e a  vûth b e n z a ld e h y d e  w e  th o u g h t  it  
would  be  of i n t e r e s t  to  e x a m i n e  t h e  r e a c t i o n s  of l - m e t h y l u r e a  
and b i u r e t  w i th  b e n z a l d e h y d e ,  b e c a u s e  e a c h  g ive  a s in g le  p r o d u c t .  
One  m o l e  of b e n z a l d e h y d e  and tw o m o l e s  of m e t h y l u r e a  r e a c t  
t o g e t h e r  w i th  e l i m i n a t i o n  of w a t e r ,  to g ive  a  c r y s t a l l i n e  so l id  
w h ic h  m e l t e d  s h a r p l y  a t  24 2°C . E l e m e n t a l  a n a l y s i s  and m o l e c u l a r  
w e ig h t  d e t e r m i n a t i o n  s u g g e s t e d  a  f o r m u l a  of 1 1 ^ 3 ^ 2 *
p r o t o n  n m r  s p e c t r u m  in DMSO w a s ,  in g e n e r a l ,  c o n s i s t e n t
o
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w ith  s t r u c t u r e  (25),  A p a r t  f r o m  the  N M e and  a r o m a t i c  s ig n a l s  
a t  8 2. 95 and 7 . 4  5 (5H) p p m ,  a m e t h i n e  p r o t o n  s h o w s  a t r i p l e t  
c e n t r e d  a t  B 5 ,5 4  p p m  (J 2 Hz) w h ic h  s u g g e s t s  th a t  i t  i s  f l a n k e d  by  %
two NH p r o t o n s .  T h e  NH p r o t o n s  a l s o  e x h ib i t  a  d o u b le t  a t  8 8 .  37 
p p m .  (2H, J  2Hz) . In  T E A ,  t h i s  t r i p l e t  c h a n g e s  in to  a s in g le t ,  
s u g g e s t i n g  a r a p id  e x c h a n g e  of NH p r o t o n s  w i th  s o lv e n t .  T h e  
c a r b o n - 13 n m r  s p e c t r u m  u n e q u i v o c a l l y  s u p p o r t s  (25).  T h e  
c a r b o n y l  g r o u p s  and  a  t e r t i a r y  c a r b o n  a p p e a r  a t  8 1 5 3 , 0 8  and  
6 1 . 5 6  p p m ;  w h i le  the  r e m a i n i n g  c a r b o n s  r e s o n a t e  at  t h e i r  r i g h t  
p l a c e s .  T h e  i r  s p e c t r u m  i s  i n  a g r e e m e n t  w i th  the  p r e s e n c e  of 
a m i d e  c a r b o n y l  and  NH g r o u p s .  h
U n d e r  s i m i l a r  c o n d i t i o n s  r e a c t i o n  of b i u r e t  and  b e n z a l d e h y d e  
gave  a w h i t e  c r y s t a l l i n e  p r o d u c t  w h ic h  had  m . p .  3 2 2 - 4 °  ( s l ig h t  d e c v ) .  
D e t e r m i n a t i o n  of t h e  n m r  s p e c t r a  w a s  d i f f i cu l t  a s  the  c o m p o u n d  ■;!
w a s  i n s o l u b l e  in  a l l  th e  u s u a l  s o l v e n t s .  H o w e v e r ,  in  T F A  i t  w e n t  
in to  so lu t ion  w i th  d i f f i c u l ty .  T h e  p r o t o n  and c a r b o n - 13 n m r  
s p e c t r a  h a d  a l l  the  f e a t u r e s  c o n s i s t e n t  w i th  s t r u c t u r e  (26),  w i th  ^
s o m e  a d d i t i o n a l  p e a k s  w h ic h  s u g g e s t e d  tha t  i t  h a d  d e c o m p o s e d .  ■/
T h e  m a s s  s p e c t r u m  w a s  no t  c l e a r .  I t  f r a g m e n t e d  in to  p i e c e s  and  
th e  h i g h e s t  p e a k  th a t  we o b s e r v e d  w a s  at  m / e  = 106. I t s  e l e m e n t a l  
a n a l y s i s  i n d i c a t e d  a n  e m p i r i c a l  f o r m u l a  of  C H „ N „ 0 „ ,  and  i t s  i r  i;y y J  ^ k;
S p e c t r u m  w a s  c o n s i s t e n t  w i t h  t h e  p r e s e n c e  of NH a n d  C = 0  g r o u p s .
In  th e  l i g h t  of  a l l  t h e s e  o b s e r v a t i o n s  we do not  f e e l  a n y  h e s i t a t i o n  
in  s u g g e s t i n g  th e  s t r u c t u r e  of C ^ H ^ N ^ O ^  i s  (26),  a n a l o g o u s  to (25).
S i m i l a r l y ,  the  u r e a - b e n z a l d e h y d e  r e a c t i o n  gav e  a w h i te  so l id  
w h ic h  s e e m s  to be  a m i x t u r e .  I t  i s  i n s o lu b l e  in  a l l  r e g u l a r  
s o lv e n t s  and  d i f f i c u l t  to p u r i f y .  H o w e v e r ,  p h y s i c a l ,  c h e m i c a l
o
RNH—C—NH^ A R N H ^  + H N = C = 0








h w h  p  t q :
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and s p e c t r o s c o p i c  e v i d e n c e  r e f l e c t  tha t  i t  i s  (26) w i th  s o m e  
u n id e n t i f i e d  m a t e r i a l .  A r e a c t i o n  m e c h a n i s m  r e l a t i n g  to  
t h e s e  p r o d u c t s  i s  show n in  S c h e m e  5.  U r e a  on  h e a t i n g  c h a n g e s  
to b i u r e t ,  w h ic h  r e a c t s  w i th  b e n z a l d e h y d e  in  a n  a c i d  m e d i a  to 
y ie ld  (26) .  M o r e o v e r ,  r e a c t i o n  w i th  p u r e  b i u r e t  s u p p o r t s  th i s  
view.
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E X P E R I M E N T A L
P r e p a r a t i o n  of p r o d u c t s  f r o m  a c e t o n e  and  m e s i t y l  ox ide
a) 4 , 4  ’- S p i r o b i -  6, 6 - d i m e t h y l -  3, 4 , 5 ,  6 - t e t r a h y d r o p y r i m i d i n - 2 ( l H ) o n e  (6)
U r e a  - A m i x t u r e  of  u r e a  (6 g) and  a c e t o n e  ( 8 . 5  m l )  in  b e n z e n e  (50 ml)  
in  the  p r e s e n c e  of T F A  (5 m l )  w a s  r e f l u x e d  f o r  7 h  a t  90 ° .  An  
a z e o t r o p i c  d i s t i l l a t i o n  t e c h n i q u e  w a s  u s e d  to s e p a r a t e  the  w a t e r  
f o r m e d  d u r i n g  the  r e a c t i o n .  On c o o l in g ,  a  w h i te  so l id  and a  y e l lo w is h  
l iqu id  w e r e  o b t a in e d .  B e n z e n e  w a s  r e m o v e d  by  d é c a n t a t i o n  and 
m a t e r i a l  w a s  d i s s o l v e d  in ho t  e t h a n o l .  W hi te  c r y s t a l s  a p p e a r e d
s a m e  t e c h n iq u e  w a s  u s e d  in  a l l  e x p e r i m e n t s .
b) S p i r o - c o m p o u n d  (15)
1- M e t h y l u r e a  - A m i x t u r e  of a c e t o n e  (10 ml)  and  m e t h y l u r e a  ( 7 .4  g) 
in b e n z e n e  (50 ml)  an d  T F A  (5 m l )  w a s  r e f lu x e d  f o r  4 h  a t  90° .  A f t e r  
r e m o v a l  of b e n z e n e  th e  r e s i d u e  w a s  p u r i f i e d  by  c o l u m n  c h r o m a t o g r a p h y  
(Al^O^).  T h e  m a t e r i a l  w a s  e lu te d  wi th  C H C l^  and  r e c r y s t a l l i s e d  
f r o m  CHCl^» m . p .  3 2 8 ° ,
c) 6, 6 - D i m e t h y l - 4 -(4 , 6, 6-  t r i m e t h y l - 2 - o x o p e r h y d r o p y r i m i d i n e - 4 -  
y l m e t h y l ) - 3 ,  6-  d ihyd  r  o p y r i m i d i n -  2 ( IH) - one (10)
U r e a  - M e s i t y l o x i d e  (13 m l ) ,  u r e a  (6 g) in  b e n z e n e  (50 m l)  and T F A  
(5 m l )  w e r e  r e f lu x e d  f o r  4 h a t  90 ° .  A f t e r  c h r o m a t o g r a p h y  the  
p r o d u c t  w a s  r e c r y s t a l l i s e d  f r o m  m e t h a n o l ,  m . p .  302°  ( l i t .  2 95° ,  
Z i g e u n e r  et  a l j  1966).
on c o o l in g  and  w e r e  r e c r y s t a l l i s e d  f r o m  h o t  w a t e r .  W h e n  d r i e d ,  
the  so l id  had  m . p .  26 5 °  ( d e c . )  ( l i t ,  2 65° ,  Weinschemk,^ 1901).  T h e
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d) P y r i m i d i n y l m e t h y l p y r i m i d o n e  (16)
1 - M e t h y l u r e a  - A f t e r  r e m o v a l  of the b e n z e n e  the  r e s i d u e  w a s  
p u r i f i e d  by  c o l u m n  c h r o m a t o g r a p h y  (Al^O^) .  T h e  p r o d u c t  w a s  
e lu te d  w i th  GHGl^  and  r e c r y s t a l l i s e d  f r o m  a c e t o n e ,  m . p .  2 0 2 ° .
R e a c t i o n  p r o d u c t s  f r o m  a c e to p h e n o n e
e) U r e a  - U r e a  ( 0 .1  m o l ) ,  a c e t o p h e n o n e  (0 .1  m o l ) ,  b e n z e n e  (50 m l)  
and  T F A  (5 ml)  w e r e  r e  f luxed  f o r  11 h .  T h e  b e n z e n e  w a s  dec  a n ted  
to  l e a v e  a r e d  g u m .  M o s t  of  the  g u m  d i s s o l v e d  in  m e t h a n o l  bu t  
t h e r e  r e m a i n e d  s o m e  c r y s t a l s  of t r i p h e n y l b e n z e n e  (17) w h ic h  w a s  
r e c r y s t a l l i s e d  f r o m  a c e t o n e ,  m . p .  172° ( l i t .  174° ,  F o l k e r s  and  
J o h n s o n ,  1933).
T h e  m e t h a n o l  w a s  r e m o v e d  and th e  r e s i d u e  w a s  p u t  onto  an  
a l u m i n a  c o l u m n .  T h e  c o l u m n  w a s  e lu te d  w i th  e t h e r  and  th e n  w i th  
m e t h a n o l .  R e m o v a l  of the  e t h e r  gave  a y e l lo w  l i q u id ,  w h ich  w a s
2 - b e n z o y l - 1 - m e t h y l -  1 - p h e n y l e t h y l e n e  (18).
S o lv e n t  w a s  r e m o v e d  f r o m  th e  m e t h a n o l  e l u a n t  to g ive  a so l id ,  
4 - m e t h y l - 4 , 6 - d i p h e n v l d i h y d r o p v r i m i d i n - 2 - o n e  (19),  m . p .  170° .
f) 1 - M e t h y l u r e a  - T h e  a b o v e  p r o c e d u r e  w a s  r e p e a t e d  u s in g  l - m e t h y l ­
u r e a  and  r e f lu x i n g  f o r  20 h .  A f t e r  r e m o v a l  of the  b e n z e n e  a y e l lo w  
oil  r e m a i n e d  w h ic h  s o l id i f i e d  on  s t a n d in g .  C r y s t a l s  of 3, 4 - d i m e t h y l ■ 
4 ,  6 - d i p h e n y l p y r i m i d i n - 2 - o n e  (21) w a s  r e c r y s t a l l i s e d  f r o m  e t h a n o l ,  
m . p .  193° .
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R e a c t i o n  p r o d u c t s  f r o m  b e n z a l d e h y d e
g) U r e a  - A m i x t u r e  of b e n z a l d e h y d e  ( 0 . 2  m o le )  and  u r e a  (0.  1 mol )  
in  b e n z e n e  (50 ml)  c o n t a in in g  T F A  (5 m l )  w a s  r e f l u x e d  f o r  6 h w i th  
r e m o v a l  of w a t e r  a s  d e s c r i b e d  a b o v e .  On c o o l in g ,  a  w h i te  so l id  
s e t t l e d  dow n.  E x c e s s  a c e t o n e  w a s  added  and f i l t e r e d  off th e  
w h i te  s u b s t a n c e ,  w a s h e d  w i th  w a t e r ,  a c e to n e  an d  f i n a l ly  w i th  e t h e r ,  
d r i e d ,  m . p .  260°  (not  s h a r p ) .
h) B i u r e t  - T h e  a b o v e  p r o c e d u r e  w a s  r e p e a t e d .  A w h i te  so l id  w a s  
c o l l e c t e d ,  m . p .  324°  ( d e c . )  (26) 4-p h e n y l -  1 , 3 ,  5 - t r i a z i n e - 2 , 6 - d i o n e .
i) 1 - M e t h y l u r e a  -  T h e  r e a c t i o n  p r o d u c t  w a s  f i l t e r e d  off ,  w a s h e d  
w i th  e t h e r ,  w a t e r ,  d i s s o l v e d  in  a m i n i m u m  a m o u n t  of DMSO and  
b ro u g h t  out  c r y s t a l s  by ad d i t io n  of w a t e r .  D r i e d ,  m . p .  242°
4 - p h e n y l -  1- m e t h y l -  1, 3, 5 - t r i a z i n e - 2 , 6 - d ione  (25)
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P h y s i c a l  D a ta
a) 4 , 4 ’ - S p i r o b i - 6 ,  6 - d im  e t h y l - 3, 4 , 5 ,  6 - t e t r a h y d r o p y r i m i d i n -  
2 ( l H ) - o n e  (6)
M . p .  265°  ( l i t ,  2 6 5 ° ,  W e i n s c h e n k ,  1901), m / e  240 ( M ^ H ^ O ) ,
V 3510,  3340,  and 3215 (NH) and 1660 c m " ^  (G = 0) ;  S u  m a x   ^ '
([^H^]DMS0, 120°) 1 . 1 5 ,  1 . 1 8  (12H, 2 s ) ,  1. 89 (4H, dd ,  14 H z) ,
and  5 . 8 8 ,  5 . 9 9  (4H, 2 s) p p m ,  S c  3 0 . 2 2 ,  4 8 . 0 1 ,  5 2 . 9 8 ,  6 8 ,3 2  and  
158 .63  p p m .  (Found:  C ,  5 1 . 1 5 ;  H,  8 . 4 ;  N,  22 .4 .  C ^ ^ H ^^ N ^O ^  
r e q u i r e s  C,  5 1 . 1 5 ;  H ,  8 . 6 ;  N,  21 .7% ) .
b) S p i r o - c o m p o u n d  (15)
M . p .  328° ,  m / e  268 (M^^) , V 3290 (NH), 1670,  a n d  1655 c m "  ^JT — — ' ' m a x
(C=0);  ^h(CD C I^)  1 .2 7  (6H, s),  1 . 3 6  ( 6 H , s ) ,  2 . 2 2  (4H ,dd ,  J ^  14 H z ) ,  
2 . 7 2  (6H, s) and  5. 14 (2H, s) p p m ;  6 c  1 8 .4 4 ,  27.74 , 2 8 . 8 1 ,  3 1 . 7 2 ,  
4 4 . 2 3 ,  4 8 . 3 7 ,  5 8 .2 4  and  156.  86 p p m  (Found; C,  5 7 . 8 5 ;  H ,  8 . 8 5 ;
N, 2 0 . 9 0 .  C^^H N^Og r e q u i r e s  C, 5 8 .1 8 ;  H,  9 . 0 1 ; ,  N, 2 0 .8 7 % ) .
(:) 6, 6 - D i m e t h y l - 4 -(4 , 6, 6 - t r i m e t h y l - 2 - o x o p e r h y d r o p y r i m i d i n - 4 -  
y l m e t h y l ) - 3 ,  6 - d i h y d r o p y r i m i d i n - 2 ( l H ) - o n e  (10)
M . p .  302° ( l i t .  295° ,  Z i g e u n e r  e t  a l ;  1966); m / e  280 (M^) ,  V  
3428 and  3220 (NH)., 1695 (C = 0 ) ,  and  1670 c m " ^  (C=C);  S h  (CF  CO H)
1 .4 5 ,  1 . 4 9 ,  1 . 5 9  (15H, 3s) ,  2 . 0 4  ( 2 H , d d , J  14 H z ) ,  2 . 5 6  ( 2 H ,d d ,g e m
J ^ e m  H z) ,  4 . 8 6  ( IH ,  s),  7 . 0 8  ( IH ,  s) ,  and 8 . 2 6  ( I H ,  s) p p m .
S c  (C F  CO^H) 2 8 . 4 4 ,  3 0 . 6 2 ,  3 1 . 0 8 ,  3 1 . 5 7 ,  4 5 . 8 0 ,  4 5 . 9 6 ,  5 3 . 6 5 ,  
5 5 . 7 0 ,  5 6 . 4 8 ,  1 1 4 .0 4 ,  1 2 8 . 7 3 ,  1 5 8 .2 0  and  158 .4 7  p p m  (Found:
C, 5 9 . 4 5 ;  H ,  8 . 6 5 ;  N 1 9 . 8 5 .  C^^H  N ^O ^ r e q u i r e s  C ,  59.  97; H,  8 . 6 2 ;  
N, 19 .98%).
M
5 h  (CDCl^) 7 .  1 0 - 7 . 7 5  (m) p p m ,  g c  (GDGl ) 125.  19, 1 2 7 .3 9 ,
1 2 7 .5 4 ,  1 2 8 . 8 6 ,  141.  2 3 , and  1 4 2 .4 0  p p m  255 n m  ( l i t .
À ^ H C l s  252 n m ) .
2 - B e n z o y l - 1- m e t h y l -  1- p h e n y l - e t h y l e n e  (18)
m / e  222 (M^) ,  V 1690 and 1660 (G =0) and 1600 c m   ^ (C =C);— — ' m a x   ^ '
S h  (CD CI3) 2 . 4 2  (3H, s) ,  2 .5 4  (3H, s),  7.  10 ( l H , d ,  J  2 H z) ,  and 
7 . 2 0 - 7 . 9 8  (21H, m)  p p m ,  <Sc 1 7 . 8 0 ,  2 5 . 4 1 ,  1 2 1 . 0 6 ,  1 2 5 .6 9 ,
1 2 6 .5 1 ,  1 2 7 . 4 3 ,  1 2 7 . 7 3 ,  1 2 8 . 0 6 ,  1 2 8 .3 3 ,  1 3 1 .6 0 ,  1 3 2 .0 5 ,  1 3 6 .3 6 ,  
1 3 8 .6 4 ,  1 4 1 . 7 7 ,  1 5 3 . 7 5 ,  189.  68, and  190 .24  p p m .
4 - M e t h y l - 4 ,  6 - d i p h e n y l d i h y d r o p y r i m i d i n - 2 - o n e  (19)
M . p .  170° ,  m / e  264 (M"*"); V (mul l )  3240 (NH), 1690 (C = 0) ,— *“ m a x  '
and  1650 c m " ^  (C=G);  S u  ( f^H^ JDMSO) H 62 (3H, s),  5 . 3 5  ( l H , d ,
J  2 H z) ,  7 . 1 8 - 7 . 5 5  ( lOH,  m ) ,  an d  8 . 6 6  ( IH ,  s) p p m ,  S c  ( [ ^ H ,  ]DMSO)
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d) P y r i m i d i n y l m e t h y l p y r i m i d o n e  ( I 6)
, iM . p .  202°; m /e  308 (M ); V 3210 (NH), 1680,  1660 (G=0) 1— — m a x  ' ' J
and 1630 c m " ^  (C=C);  <5*H (CDCl ) 1 . 2 3  (9H, s),  1 .31  (3H, s),  |11 .5 3  (3H, s),  2 . 0 2  ( 2 H ,d d ,  J  14 H z) ,  2.47 (2H,dd,J 14 H z) ,  j'  '  V » » g e m  ' \ » g e m  |
■'i2 . 8 5  (3H, s),  3.  13 (3H, s),  4 . 7 7  ( I H ,  s),  5. 82 ( IH ,  s) and  6 . 6 6  ( IH ,  s) |
p p m ,  Sc 28.27, 2 8 . 5 1 ,  2 8 . 8 1 ,  2 9 . 6 2 ,  3 0 . 2 8 ,  30.43, 3 1 . 6 9 ,  3 5 . 9 9 ,  |
4 8 . 0 5 ,  4 8 . 7 9 ,  56.  69, 1 1 2 . 2 2 ,  1 3 7 . 3 6 ,  153.56 and 156.21 ppm l |
(Found: C ,  6 1 . 5 5 ;  H,  9 . 4 5 ;  N,  1 8 . 6 0 .  G H ^  N ^O ^ r e q u i r e s  ;|1G, 6 2 . 3 ;  H , 9 . 1 5 ;  N,  18 .15%).  I
I
e) 1, 3, 5 - T r i p h e n y l b e n z e n e  (17) A
............................................................................................................................................................................  i
. p .  172° ( l i t .  174° ,  F o l k e r s  and  J o h n s o n ,  1933),  m / e  306 (M ^ ) ;
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3 0 . 8 0 ,  5 7 . 0 4 ,  1 0 4 .4 9 ,  1 2 4 . 7 9 ,  125. 38,  1 2 6 .3 5 ,  1 2 8 .1 1 ,  1 2 8 .2 9 ,  
1 3 ê . 0 4 ,  1 4 8 . 7 8 ,  an d  153.  86 p p m  (Found: C,  77.  1; H,  6.  1; N,
1 0 . 6 .  r e q u i r e s  C ,  7 7 . 2 5 ;  H,  6 . 1 ;  N ,  10 .6% ) .
f) 3 , 4 - E i m e t h y l - 4 ,  6 - d i p h e n y l p y r i m i d i n - 2 “ one (21)
M . p .  193° ,  m / e  278 (m ‘‘‘) , V (mul l)  3200 (NH),  1680 (C = 0 ) , 
and  1665 c m “  ^ (G=C),  S u  (GDGl ) 1 . 6 8  (3H, s),  2.  86 (3H, s),
5 . 0 0  ( l H , d ,  J  2Hz) ,  5 . 9 0  ( I H ,  s) and  7 . 2 0 - 7 . 5 0  ( lOH, m) p p m .
8 c  (GDG1_) 3 0 . 9 3 ,  3 2 . 2 6 ,  5 6 . 6 8 ,  1 0 9 .9 1 ,  124.  8 4 - 1 2 9 . 2 9 ,
135. 53,  139.  30,  147.  80, and  155.  54 p p m  (Found: C 7 7 . 7 5 ;  H 6 . 6 5 ;
N, 1 0 .2  G H ^ g N ^O  r e q u i r e s  C, 77 .  65; H^ 6.  5; N 10.  05%).
g) C o m p o u n d  o b ta in e d  f r o m  th e  r e a c t i o n  of u r e a  w i th  b e n z a l d e h y d e
M . p .  260°  (not  s h a r p ) ,  (mull )  3320 (NH) and  1650 c m   ^ (C = 0 ) ;
S h  (C F^C O ^ H )  6 . 0  (s) ,  7 . 4 - 8 .  2 (m) ,  9 . 8 5  ( s) p p m  i n t e g r a t i o n  i s  
not  c l e a r ,  S c  (G F^G O  H) 6 7 . 4 7 ,  1 3 1 .0 0 ,  1 3 2 . 7 2 ,  1 3 8 . 5 6  and 
1 7 1 .9 8 ,  and a d d i t io n a l  p e a k s  a t  128. 13, 136.  65 p p m  s u g g e s t  th a t  
i t  d e c o m p o s e s  in  T F A .
h) 4 - P h e n y l - 1, 3, 5 - t r i a z i n e - 2 ,  6 - d io n e  (26)
M . p .  323° ,  3300 (NH) an d  1680 c m " l  (G =0) ,  8 u  (GF^GO H)
5 . 9 8  ( IH ,  s),  7 . 4 4  ( 5 H , m ) ,  9 . 9 0  ( IH ,  s) p p m ,  S c  67.  33, 1 3 0 .8 9 ,
131.  14, 1 3 2 . 6 2 ,  138.  32 and  1 7 2 .0 7  p p m .  A few o t h e r  a d d i t i o n a l  
p e a k s  s u g g e s t  th a t  i t  d e c o m p o s e s  in T F A .  (Found: G , 5 6 . 6 9 ;  H ,  4 . 9 4 ;  
N, 2 0 . 0 6  . G H r e q u i r e s  G, 5 6 . 5 4 ;  H ,  4 . 7 4 ;  N,  21 .9 7 % ) .
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i) 4 - P h e n y l - 1 - m e t h y l - l , 3, 5 - t r i a z i n e ,  2-, 6 - d io n e  (25)
M . p .  242° ,  m / e  204 ( M - H ) ;  V 3320-3260  (NH) an d  1680 c m " ^m a x
(G=0) ,  § H  ( [ ^ H ^ lD M S O )  2 . 9 5  (3H, s). 5 . 5 9 ( l H , t , J  2 H z ) ,  7 . 4 2
( 5 H , s ) ,  8 .3 7  ( 2 H , d ,  J  2 Hz) p p m ,  &  2 6 . 7 3 ,  6 1 . 5 6 ,  1 2 6 . 2 3 ,  
1 2 8 .4 3 ,  1 2 8 . 6 2 ,  141.  08 and  153. 08 p p m .  (Found :  C ,  5 8 . 5 3 ;
H ,  5 . 2 9 ;  N, r e q u i r e s  C ,  5 8 . 5 2 ;  H,  5 . 4 0 ;
N, 20 .47% ) .
CHAPTER 2
R e a c t i o n  of u r e a ,  1 - m e t h y l u r e a ,  1, 3 - d i m e t h y l u r e a  and  e t h y l e n e u r e a  
w i th  b u t a n e - 2, 3 - d io n e ,  1 - p h e n y l p r o p a n e - 1, 2 - d i o n e ,  s o m e  a c y l  o in s ,  
and  cyc lohexane- r  1, 2 - d io n e .
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IN T R O D U C T IO N
U nlike  m o n o k e t o n e s ,  n - d i k e t o n e s  c o n ta in in g  a t  l e a s t  one m e t h y l  
g r o u p  a d j a c e n t  to a  c a r b o n y l  g r o u p  r e a c t  r e a d i l y  w i th  u r e a  and  i t s  
N - a lk y l  d e r i v a t i v e s ,  in a c i d  s o lu t io n ,  to give i n t e n s e l y  c o l o u r e d  
p r o d u c t s .  T h e s e  c o l o u r s  h a v e  b e e n  u s e d  by O r m s b y  (1942),
D i c k e n m a n  e t  a l  ( 1954) and  S i e s t  (1967) f o r  th e  d e t e r m i n a t i o n  of u r e a  
c o n c e n t r a t i o n s  in  b i o l o g i c a l  f l u i d s .  Of th e  t h r e e  a : -d ik e to n e s ,  J|
b u t a n e - 2 ,  3 - d io n e  h a s  b e e n  e x t e n s i v e l y  u s e d  and  i s  o f t e n  p r e f e r r e d  '%!
to the  u r e a s e  m e t h o d ,  w h i l e  1 - p h e n y l p r o p a n e - 1, 2 - d i o n e  and iiIc y c l o h e x a n e - 1 ,  2 - d io n e  h a v e  n e v e r  b e e n  w id e ly  u s e d  in  h o s p i t a l  i
l a b o r a t o r i e s ,
T h e  u r e a s e  m e t h o d  (W oo t tom ,  1974; H e n r y  et  a l ,  1974; and  |
iJ u n g  e t  a l ,  1975) i s  a n  i n d i r e c t  m e t h o d  invo lv ing  th e  m e a s u r e m e n t  {
of a m m o n i a  l i b e r a t e d  a s  a  r e s u l t  of the  a c t i o n  of th e  e n z y m e  u r e a s e ,  I
rfound  in  m o u l d s ,  b a c t e r i a  and  p l a n t s  ( e . g .  J a c k  b e a n ) ,  on  u r e a .
D i s a d v a n t a g e s  in  the  u r e a s e  m e t h o d  a r i s e s  f r o m  the  f a c t  t h a t  o t h e r  ,
a m m o n i a  m a y  a l r e a d y  b e  p r e s e n t  in  the  s a m p l e  and t h i s  n e e d s  to be  ‘
m e a s u r e d ,  f r o m  u r e a s e  in h i b i t i o n  o r  i n a c t i v a t i o n ,  and f r o m  r e a g e n t  *|ii n s t a b i l i t y .  j
1B u t a n e - 2, 3 - d i o n e ,  by  c o n t r a s t ,  d o e s  no t  m e a s u r e  a m m o n i a ,  i
y
u s e s  s t a b l e  rea îgen ts ,  and i s  q u i t e  s e n s i t i v e  and  s p e c i f i c .  I t s  m a i n  
d i s a d v a n t a g e s  a r e  th a t  th e  c o l o u r  i s  p h o t o s e n s i t i v e ,  u n s t a b l e  and : j
r e q u i r e s  d e v e l o p m e n t  a t  th e  t e m p e r a t u r e  of b o i l in g  w a t e r ,  and  th a t
the  t i m e  f o r  c o l o u r  d e v e l o p m e n t  i s  d e p e n d e n t  on th e  u r e a  c o n c e n t r a t i o n .  ^
4If  t h e  m n n o x i m e  of b u t a n e - 2, 3 - d io n e  i s  u s e d ,  t h e  p r e s e n c e  of an  j
o x id i s in g  a g e n t ,  such  a s  p o t a s s i u m  p e r s u l p h a t e ,  i s  r e q u i r e d  to d e s t r o y  '
]any  h y d r o x y l a m i n e  f o r m e d .  T h i o s e m i c a r b a z i d e  i s  o f t e n  a d d e d  to  ^
CH3 0IIc= N - c
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i n t e n s i f y  the  c o l o u r  and  to m i n i m i s e  p h o t o s e n s i t i v i t y ,  w h i le  the  
p r e s e n c e  of c e r t a i n  c a t i o n s  su ch  a s  f e r r i c  i o n s  h e lp  to  s t a b i l i s e  
the  c o l o u r .
T h i s  w o r k  lo o k s  in to  th e  r e a c t i o n  of b u t a n e - 2, 3 - d io n e ,  1 - p h e n y l - 
p r o p a n e - 1, 2 - d i o n e , s o m e  a c y l o i n s  and c y l o h e x a n e - 1, 2 - d io n e  wi th  
u r e a ,  1 - m e t h y l u r e a ,  1, 3 - d i m e t h y l u r e a ,  and  f in a l ly  w i th  e t h y l e n e u r e a ,  
in o r d e r  to e l u c i d a t e  the  r e a c t i o n  m e c h a n i s m s  and to id e n t i fy  the  
s u b s t a n c e s  r e s p o n s i b l e  f o r  t h e  c o l o u r s  th a t  f o r m .  T h e  c h r o m o g e n  
t h a t  we  o b ta in e d  f r o m  th e  r e a c t i o n  of d i a c e t y l  an d  1, 3 - d i m e t h y l u r e a  
i s  (33d) and  i t s  s t r u c t u r e  h a s  b e e n  c o n f i r m e d  by  an  X - r a y  c r y s t a l l o g r a p h i c  
m e t h o d  (G l id e w e l l  and H o ld e n ,  1 980).  S i m i l a r  p r o d u c t s  (33a,  33h) t h a t  
a r e  r e s p o n s i b l e  f o r  c o l o u r s  w e r e  a l s o  i s o l a t e d  f r o m  th e  r e a c t i o n  of 
b u t a n e - 2 ,  3 -d io n e  and  1 - p h e n y l p r o p a n e - 1, 2 -d io n e  w i th  u r e a  and 
m e t b y l u r e a  in  a d d i t i o n  to  b i c y c l i c  c o m p o u n d s  (2 8a-h) .  T h e s e  b i c y c l i c  
c o m p o u n d s  c o n t in u e  to  r e a c t  in  the  p r e s e n c e  of a c i d  to p r o d u c e  h ig h ly  
c o l o u r e d  s p e c i e s .  T h e  r e a c t i o n  of c y c l o h e x a n e - 1 , 2 - d i o n e  w i th  
u r e a s  y i e ld s  a n o t h e r  k in d  of c h r o m o p h o r e  w h ich  i s  (55).
F i n a l l y ,  w e  h a v e  o b s e r v e d  th a t  the  c o l o u r  f o r m a t i o n  d e p e n d s  
upon  th e  s t r e n g t h  of t h e  a c i d  and  b o i l in g  t i m e ,  no t  on the  p r e s e n c e  of 
i o n s  ( e . g .  F e ^ ^ ,  F e ^ ^ ,  P O ^  , C l  ) and  t h i o s e m i c a r b a z i d e .  O n c e  
the  c o l o u r  i s  fu l ly  d e v e l o p e d ,  i t  r e m a i n s  i n s e n s i t i v e  to  l i g h t .
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R E S U L T S  AND DISCUSSION
R e a c t io n  of u r e a  w i th  b u ta n e - 2 ,  3 -d io n e  in  a c id  so lu t io n  gave  a 
w h ite  c r y s t a l l i n e  m a t e r i a l  of m o l e c u l a r  f o r m u l a  C^H^^qN ^O ^ .
L u g o s i  e t a l  (1972) s u g g e s te d  s t r u c t u r e  (27) f o r  t h i s  m a t e r i a l  b u t  
t h e r e  i s  e v id e n c e  a g a i n s t  t h i s .  I t  w a s  d i f f ic u l t  to  o b ta in  s p e c t r a l  
d a ta  f o r  th e  p r o d u c t  a s  i t  i s  in s o lu b le  in  th e  u s u a l  o r g a n ic  s o lv e n t s .  
H o w e v e r ,  it d o e s  d i s s o lv e  in  T E A  and  the  m a t e r i a l  m a y  be 
r e c o v e r e d  u n c h a n g e d  f r o m  t h i s  s o lv e n t .  In  i t s  p ro to n  n m r  s p e c t r u m  
t h e r e  a r e  tw o  s in g le t s  a t  8 1 .8 0  (6H) and  7 ,3  (2H) p p m .  T w o p r o to n s  
b e lo n g in g  to  n i t r o g e n  a to m s  a r e  m i s s i n g ,  w h ich  r e f l e c t s  th a t  r a p id  
e x c h a n g e  of NH o c c u r s .  In  th e  c a r b o n - 13 n m r  s p e c t r u m  t h e r e  i s  
o n ly  one r e s o n a n c e  a t  low  f ie ld  ( the  c a rb o n y l )  b u t  (27) r e q u i r e s  a 
seco n d  d u e  to  th e  C=N g ro u p .  T h e r e  i s ,  h o w e v e r ,  a  t e r t i a r y  
c a r b o n  a t  8 8 0 .6  p p m .  T h e s e  d a ta  a r e  c o n s i s t e n t  w ith  (28a).
O th e r  s p e c t r a l  d a ta  a r e  in  a g r e e m e n t  w ith  th i s  s t r u c t u r e .
S im i l a r l y ,  a c r y s t a l l i n e  p r o d u c t  w a s  o b ta in e d  f r o m  th e  r e a c t i o n  
of 1 - p h e n y l p r o p a n e - 1, 2 -d io n e  and  u r e a .  M o le c u l a r  w e ig h t  
d e t e r m in a t io n  and e l e m e n t a l  a n a l y s i s  g ave  a m o l e c u l a r  f o r m u l a  of 
^ 1 1 ^ 1 2 ^ 4 ^ 2 '  c o r r e s p o n d s  to  r e a c t i o n  of one m o le  of th e
d io n e  w ith  two m o l e s  of u r e a  and  e l im in a t io n  of two m o l e s  of w a t e r .  
T h i s  i m m e d i a t e l y  s u g g e s te d  3 a - m e t h y l - 7 a - p h e n y l t e t r a h y d r o -  
im id a z o  £4, 5 -d  ] i m i d a z o l e - 2 , 6 - d io n e  (28b) a s  th e  s t r u c t u r e  of th e  
p r o d u c t .  T h e  i r  s p e c t r u m  i s  c o n s i s t e n t  w ith  th e  p r e s e n c e  of a m id e  
c a r b o n y l  g r o u p s ,  NH g r o u p s ,  and th e  a b s e n c e  of C =N. D e t e r m i n a t i o n  
of th e  n m r  s p e c t r a  w a s  d i f f ic u l t  a s  th e  c o m p o u n d  w a s  in s o lu b le  in  a l l  
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a t  110° to a l lo w  m e a s u r e m e n t  of the  p r o to n  n m r  s p e c t r u m .  T h i s
I
had  fo u r  s in g le t s  w ith  r e l a t i v e  p e a k  a r e a s  3:1:1; 5. T h e  f i r s t  and  the  
l a s t  a r e  c l e a r l y  due to  th e  m e th y l  and  th e  p h e n y l  g r o u p s ,  w h ile  th e
1:O th e rs ,  a t  S 6 .6 1  and  6 .9 3  p p m , a r e  due to  two of th e  r e m a in in g  
p r o to n s .  T h e  f a c t  th a t  on ly  two out of the  fo u r  r e m a in in g  a r e  
o b s e r v a b le  s u g g e s t s  tha t e x c h a n g e  i s  o c c u r r i n g .  T h e  co m p o u n d  m a y ,  
of c o u r s e ,  e x i s t  in  the  t a u t o m e r i c  f o r m  (29b). T h e  on ly  s u i ta b le  |
s o lv e n t  f o r  m e a s u r e m e n t  o f  th e  c a r b o n - 13 n m r  s p e c t r u m  w a s  T F A .
Such  a  s t r o n g  a c id ic  s u b s ta n c e  i s  o b v io u s ly  n o t  the  s o lv e n t  of c h o ic e  
b u t ,  w hen  th e  s o lv e n t  w a s  r e m o v e d  a f t e r  th e  s p e c t r u m  had  b e e n  o b ta in e d ,  
th e  m a t e r i a l  w a s  r e c o v e r e d  u n c h a n g e d .  W e h a v e ,  t h e r e f o r e ,  c o n f id e n c e  
th a t  th e  r e s u l t s  o b ta in e d  do c o r r e s p o n d  to th e  c a r b o n  s k e le to n  of th e  
p r o d u c t .  T h e r e  w e r e  f iv e  s h i f t s  a s  w e ll  a s  a g roup  a t  5 1 2 7 .7 9 -1 3 5 .  31 
p p m  c o r r e s p o n d in g  to  th e  c a r b o n s  of the  p h en y l  g ro u p .  T h e  two a t  4
lo w e s t  f i e ld ,  S 1 6 4 .9 3  and  164 .6 4  p p m , in d ic a te  th a t  th e  two c a r b o n y l  
g ro u p s  a r e  in  s l ig h t ly  d i f f e r e n t  m a g n e t ic  e n v i r o n m e n t s .  Of the  o t h e r s ,  
two ( 6 8 2 .3 7  and  8 5 .0 7  ppm ) r e m a in e d  a s  s in g le t s  in  an  off - r e s o n a n c e  
s p e c t r u m ,  w h ich  i s  r ig h t  f r o m  th e  two t e r t i a r y  c a r b o n s  c o m m o n  to  both  
r i n g s .  T h e  sh if t  a t  h ig h e s t  f ie ld  (5  23. 96 ppm ) b e c a m e  a q u a r t e t  in  the  
o f f - r e s o n a n c e  s p e c t r u m ,  w h ich  i s  r ig h t  f o r  a  m e th y l  g ro u p .  T h e  c a r b o n -  4
13 n m r  s p e c t r u m  is, t h e r e f o r e ,  e n t i r e l y  c o n s i s t e n t  w ith  s t r u c t u r e  (28b).
W ith  1 - m e t h y lu r e a ,  b u t a n e - 2 , 3 -d io n e  y ie ld e d  a  w h i te  c r y s t a l l i n e  
s o l id ,  of f o r m u l a  s a m e  p r o d u c t  w a s  o b ta in e d  by
r e a c t io n  in  e th a n o l  s a t u r a t e d  w ith  H C l,  T h i s  c o m p o u n d  r e s u l t s  f r o m  
th e  r e a c t io n  of two m o l e c u le s  of 1 - m e t h y lu r e a  w ith  o n e  m o le c u le  of 
th e  d ione  and  e l im in a t io n  of tw o m o l e c u l e s  of w a t e r . I
AO o
R — C — Ü — R +
O





S C H E M E  6
24
T h e  i r  s p e c t r u m  in d ic a te d  th e  p r e s e n c e  of N H  and  c a r b o n y l  
g r o u p s .  T h e  p r o to n  n m r  w a s  r a t h e r  c o m p le x  w i th  s e v e n  s in g le t s .  
T h e s e  we a s c r i b e  to  t h r e e  m e th y l  g ro u p s ,  tw o N - m e t h y l  g ro u p s  
and tw o NH g r o u p s .  T h e  s p e c t r u m  cou ld  in d ic a te  an  un  s y m m e t r i c a l  
m o le c u le  o r  a m i x t u r e  of i s o m e r s .  We p r o p o s e  th e  l a t t e r :  (28c) 
and (28d). In  (28c) th e  two m e th y l  g r o u p s  a r e  id e n t i c a l  but in  (28d) 
they d i f f e r .  E a c h  c o n ta in s  o n ly  one ty p e  of N - m e th y l  and  NH g ro u p .  
T h e s e  s t r u c t u r e s  w e r e  c o n f i r m e d  by  th e  c a r b o n - 13 n m r  s p e c t r u m  
of th e  p r o d u c t .  T h e r e  i s  e v id e n c e  f o r  tw o d i f f e r e n t  c a r b o n y l  (one 
in  e a c h  i s o m e r  ) and  f iv e  p e a k s  in  th e  r a n g e  S 1 6 , 2 3 - 2 8 . 0 0  p p m  
c o r r e s p o n d in g  to  th e  f iv e  d i f f e r e n t  m e th y l  g r o u p s .  T h e r e  w e r e  
t h r e e  d i f f e r e n t  t e r t i a r y  c a r b o n s  (the  p e a k s  r e m a in e d  a s  s in g le t s  
in  th e  o f f - r e  so n a n c e  s p e c t r u m )  a t  6Î 7 8 ,5 6 ,  82. 34, and  8 6 .6 2  p p m , 
one in  (28c) and two in  (28d).
W e p r o p o s e  a m e c h a n i s m  f o r  th e  f o r m a t io n  of (2 8 a -d )  in  S c h e m e  6 
w h ich  i s  s i m i l a r  to  th a t  s u g g e s te d  f o r  th e  r e a c t i o n  of 1 - m e t h y lu r e a  
w ith  b e n z i l  ( B u t l e r  an d  L e i t c h ,  1980). T h e  c r u c i a l  i n t e r m e d i a t e  i s  
(31) f o r m e d  by  e l im in a t io n  of w a te r  in a c id  c o n d i t io n s  f r o m  the  d io l  
(30). If  (31) i s  p r o to n a t e d  on the  h y d ro x y l  g ro u p  a  good le a v in g  
g ro u p  (w a te r)  i s  f o r m e d  and  d i s p l a c e m e n t  by a  s e c o n d  1 - m e t h y lu r e a  
m o le c u le  f o r m s  (32).  R in g  c l o s u r e  o c c u r s  by  a d d i t io n  a c r o s s  th e  
c a r b o n - n i t r o g e n  do u b le  b o n d ,  p r o b a b ly  by  N - p r o to n a t i o n  and  
g e n e r a t io n  of a  c a r b o n i u m  io n ,  w h ic h  r e a c t s  w ith  th e  n u c le o p h i l i c  
-N H ^ g ro u p .  A t ta c k  of p r o to n a t e d  (31) by  th e  o th e r  end of the  
1 - m e t h y lu r e a  m o l e c u le  g iv e s  (28c) ,  r a t h e r  th a n  (28d), and  so th e  
m i x t u r e  of i s o m e r s  i s  e x p la in e d .

























n o t  f o r m  a  p r o d u c t  a n a lo g o u s  to  (28). T h e  d io l  (37) c a n n o t  
e l im i n a t e  w a t e r  to  g ive  a  d o u b le  bond  in  th e  r i n g .  T h u s ,  th i s  
r e a c t i o n  p a th w a y  i s  b lo c k e d  and  a n  e n t i r e l y  d i f f e r e n t  one  g iv e s  
(33d) a s  th e  m a in  p r o d u c t .  A s i m i l a r  e f f e c t  w a s  n o te d  in  th e  
r e a c t i o n  of 1, 3 - d i m e t h y l u r e a  w i th  b e n z i l  ( B u t l e r  an d  L e i t c h ,
1980) and w i th  1 - p h e n y l p r o p a n e - 1, 2 - d io n e  ( s e e  l a t e r ) .  W ith  
th e  f o r m e r  a  h y d a n to in  f o r m e d ,  w h ile  the  l a t t e r  gave  a s p i r o -  
c o m p o u n d .  W ith  u r e a  p r o d u c t s  (28a) and (28b) w e r e  o b ta in e d ,
1 - P h e n y l p r o p a n e -1 ,  2 - d io n e  d o e s  no t r e a c t  w ith  1 - m e t h y l u r e a  
in  th e  s a m e  m a n n e r  a s  b u t a n e -2 ,  3 -d io n e .  T h e  p r o d u c t  o b ta in e d  i s  
(3 3 a -c )  r a t h e r  th a n  b ic y l ic  c o m p o u n d s  (2 8 e - f ) .  A f t e r  r e m o v a l  of 
th e  b e n z e n e  and  c h r o m a t o g r a p h y  of th e  r e s i d u e ,  c r y s t a l s  w e r e  
o b ta in e d .  E l e m e n t a l  a n a l y s i s  in d ic a te d  a f o r m u l a  of ^ 2 1 ^ 2 0 ^ 4 ^ 2  
and  t h i s  w a s  c o n f i r m e d  by  th e  m a s s  s p e c t r u m .  T h i s  f o r m u l a  
c o r r e s p o n d s  to  r e a c t i o n  of two m o l e s  of d io n e  and  two m ’o le s  of 
m e t h y l u r e a ,  w ith  l o s s  of f o u r  m o l e s  of w a t e r  and  one c a r b o n  a t o m .  
D u r in g  th e  a z e o t r o p i c  d i s t i l l a t i o n  e v o lu t io n  of c a r b o n  d io x id e  w a s  
d e t e c te d  by p a s s i n g  th e  v a p o u r s  th ro u g h  b a r y t a  w a t e r .  T h e  i r  
s p e c t r u m  s u g g e s te d  the  p r e s e n c e  of NH, C = 0 ,  and  C=C g r o u p in g s ,
A m e th a n o l i c  s o lu t io n  of th e  m a t e r i a l  d e c o l o r i s e d  n e u t r a l  p o t a s s i u m  
p e r m a n g a n a t e ,  w h ich  a l s o  s u g g e s t s  a  c a r  b o n - c a r b o n  d o u b le  b o n d .  
N e i t h e r  1 - p h e n y l p r o p a n e - 1, 2 - d i o n e , n o r  1 - m e t h y l u r e a  r e a c t  in  
th e  s a m e  w a y .
I t  w a s  i n t e r e s t i n g  to  f in d  th a t  a  s i m i l a r  p r o d u c t  w a s  o b ta in e d  
by  K uono  and U e d a  (1971) on  r e a c t i o n  of 1 - b u ty l u r e a  w ith
1 - p h e n y l p r o p a n e - 1, 2 - d io n e  an d  g lue  o r  o n o la c  tone  in  a q u e o u s
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p h o s p h o r i c  a c id .  T h e  m o l e c u l a r  f o r m u la  of t h e i r  p r o d u c t  w as  
^ 2 7 ^ 3 2 ^ 4 ^ 2  i s  c o n d e n s a t io n  of two m o l e c u l e s  of th e
d io n e  w ith  tw o m o l e c u l e s  of 1 - b u ty l u r e a  and  l o s s  of f o u r  m o l e s  
of w a t e r  and one of c a r b o n . IT h e  p ro to n  n m r  s p e c t r u m  of o u r  cp m p o u n d  a t  100 M H z in  
[ H ^ ]D M S 0  w a s  v e r y  s im p le :  t h r e e  s in g le t s  w ith  r e l a t i v e  p e a k  
a r e a s  6:2:12 a t  o 2 ,8 2 ,  4 .0 4  and  7 .3 0  p p m , r e s p e c t i v e l y .  We
Ia s s i g n  t h e s e  to  tw o  N - m e th y l  g r o u p s ,  a  m e th y le n e  in  a  c a r b o n  f
s k e le to n ,  two p h e n y l  g r o u p s  o v e r la p p in g  w ith  tw o b r o a d  p e a k s  
due to  N H .
T h e  c a r b o n - 13 n m r  s p e c t r u m  w a s  e q u a l ly  s im p le :  p e a k s
c o r r e s p o n d in g  to  th e  c a r b o n y l  g r o u p s ,  the  p h e n y l  c a r b o n s ,  an d  th e  
N - m e th y l  g ro u p s  and  t h r e e  o t h e r s  a t  5 2 0 .  31, 1 1 5 ,4 6  and  1 1 8 .7 7  
p p m .  In  th e  o f f - r e  so n a n c e  s p e c t r u m  the  f i r s t  b e c a m e  a  t r i p l e t ,  
w h ile  th e  o th e r  tw o  r e m a i n e d  a s  s in g le t s  . T h e  seco n d  and th i r d  
s h i f t s  a r e  r ig h t  f o r  a n  u n  s y m m e t r i c a l  C=C g ro u p ,  w h ile  th e  f i r s t  
m u s t  b e  due  to  a  m e th y le n e  g r o u p s .
H o w e v e r ,  d e s p i t e  a l l  t h e s e  f a c t s ,  i t  i s  d i f f i c u l t  to  be c e r t a i n  
ab o u t th e  r e l a t i v e  p o s i t i o n s  of the  tw o  N - m e th y l  g r o u p s .  T h e r e  
a r e  t h r e e  p o s s i b i l i t i e s  (3 3 a ) ,  (33b) and  (3 3 c ) ,  In  th e  360 M Hz
p ro to n  n m r  s p e c t r u m  two d i f f e r e n t  N - m e th y l  g r o u p s  a r e  in d ic a te d  
w ith  8  1. 19 and  1 .5 0  p p m .  T h i s  co u ld  m e a n  (33c) o r  a  m i x tu r e  
of (33a) and  (3 3 b ) . A s  th e  i n t e g r a l s  f o r  th e  two p e a k s  a r e  d i f f e r e n t ,
(33c) i s  n o t  p o s s i b l e  and w e m u s t  h a v e  a m i x t u r e  c o n ta in in g  u n e q u a l  
a m o u n ts  of (33a) and  (33b). T h i s  i s  c o n f i r m e d  by tw o u n e q u a l  
p e a k s  a t  S  3 ,0 1  and  3 .1 3  p p m ,  c o r r e s p o n d in g  to  tw o d i f f e r e n t  
m e th y le n e  g r o u p s .
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B e f o r e  d i s c u s s i n g  th e  r e a c t i o n  m e c h a n i s m  p e r t a in in g  to  
f o r m a t io n  of (33a) and  (33b), w e now c o m e  to  c o n s i d e r  th e  r e a c t i o n  
of 1, 3 - d i m e t h y l u r e a  w ith  b u ta n e  - 2, 3 -d io n e ,  b e c a u s e  th e y  y ie ld  a 
p r o d u c t  of s i m i l a r  c a r b o n  s k e le to n ,  R e f lu x in g  th e  r e a c t a n t s  in  
b e n z e n e  and  T F A  r e s u l t e d  in  f o r m a t io n  of w a te r  and  a  p u r p le  
s o lu t io n .  R e m o v a l  of s o lv e n t  l e f t  a v i s c o u s  m a s s ,  w h ich  w a s  
p u r i f i e d  by  c o lu m n  c h r o m a to g r a p h y  to  y ie ld  w h ite  c r y s t a l s .  T h i s  
m a t e r i a l  h a s  a  m o l e c u l a r  f o r m u l a  of ^  1 3 ^ 2 0 ^ 4 ^ 2  ^^^.st be
f o r m e d  f r o m  th e  c o n d e n s a t io n  of two m o l e c u l e s  of 1, 3 - d im e th y l u r e a  
and tw o  m o l e c u le s  of b u t a n e - 2, 3 -d io n e  w ith  e l im in a t io n  of f o u r  
m o l e c u l e s  of w a t e r  and one c a r b o n  a to m .
T h e  i r  s p e c t r u m  of th e  p r o d u c t  s u g g e s te d  th e  p r e s e n c e  of 
c a r b o n y l  g r o u p s  and  c a r b o n - c a r b o n  doub le  b o n d s .  T h e  360 M Hz 
p ro to n  n m r  s p e c t r u m  w a s  u n e x p e c te d ly  s im p le :  two p a i r s  of N - m e th y l  
g ro u p s  (S  2, 89 an d  2 ,8 1  p p m ) ,  tw o  id e n t ic a l  m e th y l  g ro u p s  ( 5  1 .6 8  
ppm ) and a  m e th y le n e  g ro u p  a t  low  f i e ld  ( 6 3 ,2 5  ppm ) . T h i s  g iv e s  
the  c o r r e c t  to t a l  of 20 p r o t o n s .  T h e  c a r b o n - 13 n m r  s p e c t r u m  w a s  
e q u a l ly  s im p le ,  w ith  on ly  s ix  r e s o n a n c e s ;  th i s  s u g g e s te d  a 
s y m m e t r i c a l  m o l e c u l e .  A p a r t  f r o m  th e  p e a k s  a s s ig n e d  to  the  
m e th y l  g r o u p s ,  th e  N - m e th y l  g r o u p s ,  and th e  c a r b o n y l  g r o u p s ,  
t h e r e  a r e  tw o  o t h e r s  a t  6 1 1 2 .6 0  and  1 1 5 .0 3  p p m .  T h e s e  a r e
c o r r e c t  f o r  c a r b o n s  of u n s y m m e t r i c a l  double  b ond . T h e  r e m a in in g  
r e s o n a n c e  w a s  a t  6 1 9 ,0 0  p p m , and in  th e  o f f - r e  so n a n c e  s p e c t r u m ,  
b e c a m e  a  t r i p l e t  and  w a s  id e n t i f i e d  a s  th a t  due  to  th e  m e th y le n e  
g ro u p .  A s  th e  p e a k  in  th e  p r o to n  n m r  s p e c t r u m  i s  n o t  s p l i t  by 
g e m in a l  c o u p l in g ,  th e  m e th y le n e  g ro u p s  a p p e a r s  n o t  to  b e  p a r t  of 
a r i n g .
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T h e r e  a r e  t h r e e  s t r u c t u r e s  (33d), (34) and  (35) of d i f f e r e n t  
d e g r e e s  of c r e d i b i l i t y ,  w h ic h  a r e  c o n s i s t e n t  w ith  th e  s p e c t r a l  d a t a .  
F o r t u n a t e l y  d i s c u s s i o n  of t h e i r  r e l a t i v e  m e r i t s  c an  be a v o id e d  a s  
we h a v e  a n  X - r a y  c r y s t a l  s t r u c t u r e  of the  p r o d u c t  (G l id e w e l l  and  
H o ld e n ,  1980). I t  i s  4, 4 ' - m e t h y l e n e b i s - ( l ,  3, 5 - t r i m e t h y l - 4 -  
im id a z  o l in -  2 - one) (33d).  T h i s  m o le c u le  h a s  a l l  th e  f e a t u r e s  
d e d u ce d  f r o m  th e  s p e c t r a l  d a ta :  two p a i r s  of N - m e th y l  g r o u p s ,
two id e n t i c a l  m e th y l  g ro u p s ,  two u n s y m m e t r i c a l  c a r b o n - c a r b o n  
d oub le  b o n d s ,  two id e n t i c a l  c a r b o n y l  g ro u p s ,  and  a  s in g le  m e th y le n e  
g ro u p .  I t  i s  a l s o  s y m m e t r i c a l .
W e now  c o m e  to  p r o p o s e  a  r e a c t i o n  m e c h a n i s m  f o r  th e  f o r m a t io n  
of (33d) f r o m  b u ta n e - 2 ,  3 -d io n e  and 1, 3 - d i m e t h y l u r e a .  T he  f i r s t  
p r o b le m  i s  th e  f a te  of m i s s i n g  c a r b o n .  E v o lu t io n  of c a r b o n  d io x id e  
w a s  d e te c te d  d u r in g  the  c o u r s e  of th e  a z e o t r o p ic  d i s t i l l a t i o n  b u t  th i s  
co u ld  h a v e  r e s u l t e d  f r o m  e l im in a t io n  of f o r m a ld e h y d e ,  o x id a t io n  of 
f o r m ic  a c id  and  d e c o m p o s i t i o n  a t  th e  t e m p e r a t u r e  of re f lu x in g  b e n z e n e .
R e a c t io n  b e tw e e n  b u t a n e - 2, 3 -d io n e  and  1, 3 - d i m e t h y l u r e a  d o e s  
p r o c e e d  in  a q u e o u s  s u lp h u r ic  a c id  a t  ro o m  t e m p e r a t u r e  and 
c a r b o n - 13 n m r  e v id e n c e  sh o w s th a t  the p r o d u c t  i s  a g a in  (33d). We 
a t te m p te d  to  d e m o n s t r a t e  f o r m a t io n  of f o r m a ld e h y d e  in  t h i s  r e a c t i o n  
m i x t u r e  by  b lo w in g  th ro u g h  n i t r o g e n  and p a s s in g  th i s  g a s  in to  a 
so lu t io n  of d im e d o n e ,  b u t  th e  r e s u l t  w a s  n e g a t iv e .  H o w e v e r ,  i t  i s  
k n o w n  (Schow , 1929) th a t ,  in  a c id  so lu t io n ,  f o r m a ld e h y d e  f o r m s  a 
s ta b le  t r i m e r  and  th i s  m a y  n o t  be r e m o v e d  f r o m  th e  r e a c t i o n  m i x t u r e  
by  th e  p a s s a g e  of n i t r o g e n .
H o w e v e r ,  we w e r e  s u c c e s s f u l  in  i s o la t in g  th e  2, 4 - d in i t r o p h e n y l -  
h y d r a z o n e  of f o r m a ld e h y d e  f r o m  th e  r e a c t io n  m i x t u r e .  A n  e x c e s s  of
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1, 3 - d im e th y l u r e a  w a s  u s e d  so th a t  no u n r e a c t e d  b u ta n e - 2 ,  3 - d io n e ,  
w h ich  cou ld  i t s e l f  f o r m  a  D N P ,  r e m a i n e d .  A d d it io n  of
2, 4 - d in i t r o p h e n y lh y d r a z in e  to  the  r e a c t i o n  m i x tu r e  a f t e r  one h o u r  
y ie ld e d  a  ye l low  so lid  w h ic h  w a s  id e n t i f ie d  a s  th e  D N P  of 
f o r m a ld e h y d e  by  a  c o m p a r i s o n  of i t s  p r o to n  n m r  s p e c t r u m  w ith  
t h a t  of an  a u th e n t ic  s a m p l e .  T h e r e  i s  a  c h a r a c t e r i s t i c  doub le  
doublet c e n t r e d  at S 6 .9 6  p p m  due  to  g e m in a l  c o u p l in g  of the  
m e th y le n e  g ro u p  (36). We th in k ,  t h e r e f o r e ,  th a t  th e  r e a c t io n  
m e c h a n i s m  in v o lv e s  e l im in a t io n  of f o r m a ld e h y d e .  T h e r e  a r e  
p r e c e d e n t s  f o r  th i s  in  r e l a t e d  r e a c t i o n s .  T h e  F r i e d e l - C r a f t  
r e a c t i o n  of a  ni so le  w i th  2-_t/*butyloxirane to  g ive  2 - (4 - m e  thoxypheny l)  -
2 -m e th y lb u ta n e  in v o lv e s  l o s s  of a m e th y le n e  g ro u p  a s  f o r m a ld e h y d e  
(Inoue e t  a l  197 9).
O b v io u s ly  f o r m a t io n  of (33d) in v o lv e s  a n u m b e r  of i n t e r m e d i a t e s .  
W e a t te m p te d  to  d e t e c t  s o m e  of t h e s e  by  e x a m in a t io n  of c a r b o n - 13 
n m r  s p e c t r a  of th e  r e a c t io n  m i x t u r e  ta k e n  a t  i n t e r v a l s  d u r in g  f iv e  
h o u r s .  H o w e v e r ,  i t  t r a n s p i r e d  th a t  r e a c t io n  i s  c o m p le te  a f t e r  h a l f  
an  h o u r ,  the  t im e  ta k e n  to  c o l l e c t  th e  f i r s t  s p e c t r u m .  T h i s  s p e c t r u m  
did  c o n ta in  a  few  p e a k s  in  th e  r a n g e  5 84-103  p p m ,  in  a d d i t io n  to 
th o s e  e x p e c te d  f o r  (33d), and  t h e s e  c a n  be a s s ig n e d  to  p o l y m e r s  of 
f o r m a ld e h y d e .  T h e  s a m e  p e a k s  w e r e  n o t ic e d  in  th e  s p e c t r u m  of 
a c id i f ie d  f o r m a l i n .
In  c o n s id e r i n g  th e  r e a c t i o n s  of u r e a  and 1 - m e t h y l u r e a  w ith  
d ik e to n e s  w e h a v e  p r e v io u s l y  s u g g e s te d  th a t  th e  f i r s t  p r o d u c t  of 
r e a c t i o n  i s  a d io l  (30), (37) in t h i s  r e a c t io n ,  and th a t  f u r t h e r  r e a c t i o n  
i s  g o v e rn e d  by the  te n d e n c y  of su ch  c o m p o u n d s  to  e l im in a te  the  
e l e m e n t s  of w a te r  in  th e  p r e s e n c e  of a c id .  T h e  i n t e r m e d i a t e  (37)
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ca n n o t  f o r m  a doub le  bond in  th e  r in g  bu t c a n  f o r m  one ,  o r  tw o , 
e x o c y c l ic  d o u b le  b o n d s ,  to  g ive  (38) o r  (39). T h e  se c o n d  of 
th e s e  c a n n o t  be th e  k e y  i n t e r m e d i a t e  a s  su ch  a  c o m p o u n d  cou ld  
n o t  o c c u r  in  th e  r o u t e s  to  (3 3 a -h ) .  On the  o th e r  h a n d ,  c o m p o u n d s  
of type  (33) f o r m  on ly  if a t  l e a s t  one s u b s t i tu e n t  on th e  d ik e to n e  i s  
a  m e th y l  g ro u p  and  so  (3 8) i s  a  p o s s i b l e  i n t e r m e d i a t e .
C o m p o u n d s  of ty p e  (33) a r e  4 - im id a z o l in - 2 ~ o n e s  w h ich ,  a s  we 
w il l  show  l a t e r  on , f o r m  r e a d i l y  u n d e r  o u r  e x p e r i m e n t a l  c o n d i t io n s ,  
f r o m  a c y lo in s  and  u r e a .  H o w e v e r ,  t h e r e  a r e  two r e a s o n s  w hy w e 
r e j e c t  th e  i n t e r m e d i a c y  of a c y lo in s  in  a  m e c h a n i s m  f o r  th e  
f o r m a t io n  of (33) f r o m  a  d ik e to n e .  F i r s t l y ,  c o n v e r s io n  of a 
d ik e to n e  to  a n  a c y lo in  r e q u i r e s  r e d u c t io n  and o u r  c o n d i t io n s  a r e ,  if 
a n y th in g ,  o x id i s in g .  T h i s  i s  e v id e n c e d  by  th e  r e a c t i o n  of u r e a  w ith  
b e n z o in ,  w h e re  p r o d u c t s  f r o m  r e a c t i o n  w ith  b e n z i l  w e r e  o b ta in e d .  
S e c o n d ly ,  w e w e r e  u n s u c c e s s f u l  in  e f fe c t in g  r e a c t i o n  b e tw e e n  an y  
a c y lo in  and 1, 3 - d i m e t h y l u r e a .  C om pound  (33d) f o r m s  r e a d i ly  
f r o m  1, 3 - d im e th y l u r e a .
F o r m a t i o n  of (33d) d o e s  no t a p p e a r  to  p r o c e e d  by  c o n d e n s a t io n  
of two m o l e c u l e s  of b u t a n e - 2, 3 -d io n e  b e f o r e  r e a c t i o n  w ith  
1, 3 - d im e th y l u r e a .  T h e  d ik e to n e  w a s  r e f lu x e d  w ith  b e n z e n e  and 
T F A  f o r  5 h ,  m u c h  lo n g e r  th a n  r e q u i r e d  f o r  f o r m a t io n  of (33d), 
bu t no w a te r  w a s  f o r m e d .  A p a r t  f r o m  so m e  t a r ,  m o s t  of the  
d ik e to n e  w a s  r e c o v e r e d  u n c h a n g e d .  A ls o ,  s e l f - c o n d e n s a t io n  i s  
no t c a t a ly s e d  by  u r e a  a s  no r e a c t i o n  o c c u r r e d  w hen  1, 3 - d im e th y lu re a  
w as  r e p l a c e d  by  1 , 1 , 3 ,  3 - t e t r a m e t h y l u r e a .
T h e s e  c o n s i d e r a t i o n s  le a d  u s  to  s u g g e s t  th a t  (38) i s  the  c r u c i a l  
i n t e r m e d i a t e  in  th e  f o r m a t io n  of (33d) and  th a t  th e  d e p a r t in g  c a r b o n
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l e a v e s  a s  f o r m a ld e h y d e .  We p r o p o s e  th e  m e c h a n i s m  show n in  
S c h e m e  7 ,  T h e  c o n d e n s a t io n  s te p  i s  r e a c t i o n  of a m o le c u le  of 
(38) w ith  a n o t h e r  m o le c u le  w h ich  h a s  b e e n  p r o to n a t e d  to  p ro v id e  i
w a te r  a s  a le a v in g  g ro u p .  T h e  d r iv in g  f o r c e  i s  th e  le a v in g  of 
w a te r  and m o v e m e n t  of the  do u b le  bond , w h ich  g e n e r a t e s  an  
in c ip ie n t  c a r b o n i u m  io n  on th e  e x o c y c l ic  m e th y le n e  g ro u p .
R e a c t io n  of th i s  w ith  th e  e l e c t r o n - r i c h  doub le  bond of th e  o th e r  
m o le c u le  of (38) and  c y c l i s a t i o n  to  g ive  an  o x e ta n e  r i n g ,  a l th o u g h  
no t r e a d i l y  p r e d i c t e d ,  i s  n o t  u n r e a s o n a b l e .  T h e  p r o c e s s  
e n v isa g e d  i s  n o t  u n l ik e  th e  a c i d - c a t a l y s e d  a ld o l c o n d e n s a t io n  
w h e re  one  m o l e c u le  of th e  en o l f o r m  of a c e to n e  r e a c t s  w ith  a  
m o le c u le  of th e  p r o to n a t e d  k e to n ic  f o r m .  O x e ta n e  a r e  k now n  to  
d e c o m p o s e  r e a d i l y  to  g ive  a d o u b le  bond and  a k e to - c o m p o u n d .
In  a r e c e n t  p a p e r  ( M o re l l i ,  1979) i n t e r m e d i a t e  f o r m a t io n  of an  
ox e tan e  r in g  and d e c o m p o s i t i o n  to  g ive  a doub le  bond  in  a s t e r o id  
s y s t e m  h a s  b e e n  p r o p o s e d .  T h e r e f o r e ,  l o s s  of f o r m a ld e h y d e  f r o m  
(40) to  g ive  (33d) i s  a n  e x p e c te d  p r o c e s s .  T h u s ,  w e  c a n  r a t i o n a l i s e  
th e  f o r m a t io n  of (33d) w ith  on ly  th e  r a t h e r  u n e x p e c te d  s te p  in v o lv in g  
fo r m a t io n  of the  o x e tan e  r in g .  W e h a v e  b e e n  u n a b le  to  find  any  o th e r  
necuction m e c h a n i s m  w h ich  a c c o u n ts  f o r  the  f a c t s  in  a s  a c c e p ta b l e  a  M
m a n n e r .
A ll  th a t  w a s  s a id  in  c o n n e c t io n  w ith  r e a c t i o n  m e c h a n i s m  of 
1, 3 - d im e th y l u r e a  and b u t a n e - 2 , 3 - d io n e ,  e q u a l ly  a p p l i e s  to the  .4
r e a c t i o n  of 1- m e t h y l u r e a  w ith  1- p h e n y l p r o p a n e - 1, 2 -d io n e .
T h e  p r o d u c t  o b t a in e d  f r o m  r e a c t i o n  of 1, 3 - d im e th y l u r e a  w ith






T h e  i n t r a c t a b l e  t a r  i s  well know n , b u t  th e  c o lo u r  m a y  m a k e  th i s
one u n iq u e .  H o w e v e r ,  n e u t r a l i s a t i o n  and e x te n s iv e  t r e a t m e n t
by c o lu m n  c h r o m a to g r a p h y  le d ,  e v e n tu a l ly ,  to  th e  i s o la t io n  of "S
c r y s t a l s .  T h e  n a t u r e  of p u r p l e  c o lo u r  w il l  be  d i s c u s s e d  l a t e r .
M o le c u l a r  w e ig h t  d e t e r m in a t io n  and  e l e m e n ta l  a n a l y s i s  gave  a
m o l e c u l a r  f o r m u l a  f o r  th i s  p r o d u c t  of C , _ N ,0 _  . T h i s15 20 4 2
c o r r e s p o n d s  to  r e a c t io n  of two m o l e s  of 1, 3 - d im e th y l u r e a  and  one
m o le  of d io n e ,  w ith  e l im i n a t io n  of tw o  m o l e s  of w a t e r .  T h i s
im m e d i a t e l y  s u g g e s te d  a  s t r u c t u r e  a n a lo g o u s  to  (28) w ith  fo u r  NMe
g r o u p s ,  b u t  th i s  w a s  show n n o t to  be th e  c a s e .
T h e  on ly  d i s t i n c t i v e  and  d ia g n o s t ic  f e a t u r e  of the  i r  s p e c t r u m
w as  a  s t r o n g  a b s o r p t i o n  a t  1710 c m "   ^ c o r r e s p o n d in g  to  a n  a m id e
c a r b o n y l .  M é th y la t io n  of the  n i t r o g e n s  a p p e a r s  to  be  r e s p o n s ib l e
f o r  i n c r e a s e d  s o lu b i l i ty  of th e  p r o d u c t  and th e  p r o to n  and c a r b o n - 13
2n m r  w e r e  o b ta in e d  by  u s in g  [ H ] c h lo r o f o r m  a s  so lv e n t .  The
p r o to n  n m r  s p e c t r u m  at 100 M Hz had  fo u r  o v e r la p p in g  s in g le t s  a t  i
;
h igh  f ie ld  ( 6 2. 6 5 -2 .  79 p p m ) ,  a  s in g le t  a t  4 .  53 p p m ,  and a 
m u l t ip l e t  c o r r e s p o n d in g  to  th e  a r o m a t i c  p r o t o n s .  T h e  r e l a t i v e  p e a k  
a r e a s  w e r e  14 :1 :5 ,  w h ic h  g iv e s  th e  c o r r e c t  n u m b e r  of p r o to n s  
c o r r e s p o n d in g  to  th e  m o l e c u l a r  f o r m u l a ,  bu t in d i c a t e s  th a t  th e  m e th y l  
g ro u p  of the  d ione  h a s  n o t  r e m a in e d  in t a c t .  A d d it io n  of a l a n th a n id e  |
sh if t  r e a g e n t  ( fo d )^E u  im p r o v e d  s l ig h t ly  th e  r e s o lu t i o n  of th e  h igh  
f ie ld  p e a k s ,  g iv in g  r e l a t i v e  p e a k  a r e a s  of 3 :3 :8 .  T h i s  s u g g e s t s  
th a t  t h e r e  i s  a m e th y le n e  g ro u p  w ith  a c h e m ic a l  sh if t  i d e n t ic a l  to 
th a t  of two of th e  N M e g r o u p s .  M o re  s u c c e s s f u l  r e s o lu t i o n  of this  
p a r t  of th e  s p e c t r u m  c a m e  f r o m  s p e c t r a  ru n  a t  220 and  360 M H z.
M e N  NM ,
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T h e  fo u r  s in g le t s  a r e  b e t t e r  r e s o lv e d  a t  220 M Hz an d ,  m o r e  
s ig n i f ic a n t ly ,  a d o u b le t  a p p e a r s  s l ig h t ly  d o w n f ie ld .  T h e  r e l a t i v e  
p e a k  a r e a s  of th e  d o u b le t  and  th e  o v e r la p p in g  s in g le t s  a r e  1 :13 .
T h e  d o u b le t  s u g g e s t s  g e m in a l  c o u p l in g  of a  m e th y le n e  g ro u p  
w ith  th e  o th e r  h a l f  of the  do u b le  d o u b le t  b u r ie d  in  th e  o v e r la p p in g  
s in g le t s  of th e  NMe g r o u p s .  T h e  360 MHz s p e c t r u m  g iv e s  a  b e t t e r  
p i c t u r e .  We s u g g e s t ,  t h e r e f o r e ,  th a t  the  s t r u c t u r e  of th e  p r o d u c t  
of r e a c t i o n  i s  1, 3 - d i m e t h y l - 2 - o x o - 5 - p h e n y l t e t r a h y d r o i m i d a z o l e - 4 -  
s p i r o - 4  ' - ( 1 ' ,  3 ' - d im e th y l t e t r a h y d  r o im id a z o le  - 2 ' - one) (41). A 
m o d e l  of th e  c o m p o u n d  d o e s  in d i c a te  th a t  t h e r e  shou ld  be  g e m in a l  
co u p lin g  of th e  m e th y le n e  g ro u p .  T h e  sh if t  of th e  m e  th in e  p r o to n  '§
i s  a t  low  f ie ld ,  b u t  th i s  i s  due  to  d e s h ie ld in g  by th e  p h e n y l  g ro u p .
T h i s  s t r u c t u r e  w a s  c o n f i r m e d  by  a  s tu d y  of th e  c a r b o n - 13 n m r  
s p e c t r u m .  T h e r e  a r e  fo u r  p e a k s  in  th e  r e g io n  8 2 4 . 5 8 - 2 9 . 9 0  p p m  
c o r r e s p o n d in g  to th e  N M e g r o u p s ,  f o u r  in  the  r e g io n  8 127. 1 3 -1 3 4 .3 5  
p p m  c o r r e s p o n d in g  to  th e  p h e n y l  r in g ,  and  one  a t  § 1 5 8 .5 1  p p m  due  to  
th e  tw o c a r b o n y l  g r o u p s .  T h e r e  a r e  t h r e e  o t h e r s ,  a t  d  5 0 .5 4 ,  6 6 .4 9  
and 7 7 .8 9  p p m , and  th e  s h i f t s  a r e  c o n s i s t e n t  w ith  s t r u c t u r e  (41). In  
the  o f f - r e s o n a n c e  s p e c t r u m  th e s e  b e c a m e  a  t r i p l e t ,  a  d o u b le t ,  and  the
lo w - f ie ld  one  r e m a in e d  as  a  s in g le t .  T h i s  i s  e x a c t ly  w h a t i s  r e q u i r e d  i1f o r  a m e th y le n e ,  a m e th in e ,  and  a  t e r t i a r y  c a r b o n .  ?;
C o m p o u n d  (41) h a s  a c e n t r e  of c h i r a l i t y  at th e  s p i r o  c a r b o n  a to m  
and m u s t  e x i s t  in  two e n a n t io m e r i c  f o r m s .  H o w e v e r ,  a n  e x a m in a t io n  
of a c h l o r o f o r m  s o lu t io n  of (41) in  a  p o l a r i m e t e r  show ed  th a t  th e  
p r o d u c t  w a s  r a c e m i c .  T h e  co m p o u n d  gave  an  in t e n s e  b lu e  
f l u o r e s c e n c e  w ith  a b r o a d  e m i s s i o n  band  o r ig in a t in g  a t  350 n m .
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F o r  the  f o r m a t i o n  of (41) we s e e  th a t  the  m e th y l  g ro u p  of th e  
d ione  h a s  b e c o m e  a  c e n t r e  of r e a c t i o n .  In  o u r  d i s c u s s io n  of th e  
r e a c t io n  1, 3 - d im e th y l u r e a  and b u ta n e - 2 ,  3 -d io n e  w e s u g g e s te d  an 
i n t e r m e d i a t e  (37). S i m i l a r l y ,  in  th i s  r e a c t i o n ,  a n  a n a lo g o u s  
i n t e r m e d i a t e  i s  (4 2), w h ic h ,  in  th e  p r e s e n c e  of m e th y l  g ro u p  
p e r m i t s  e l im i n a t io n  of w a te r  to  g ive  (4 3), a n a lo g o u s  to  (38). T h e  
p ro to n a te d  f o r m  of (4 3) c a n  th e n  add d im e th y l u r e a  in  th e  m a n n e r  
show n in  S c h e m e  8.
P r o to n a t io n  of (4 3) a t  th e  h y d ro x y l  g ro u p  p r o v id e s  th e  m o le c u le  
w ith  a  good le a v in g  g ro u p  (H^O) and  1, 3 - d im e th y l u r e a  can  a t t a c k  
in  a  m a n n e r  a n a lo g o u s  to  a M ic h a e l  a d d i t io n .  T h i s ,  on l o s s  of a 
p r o to n ,  g iv e s  th e  i n t e r m e d i a t e  (44). C y c l i s a t i o n  of th i s  co m p o u n d  
c a n  o c c u r  if  th e  d o u b le  bond i s  p r o to n a t e d .  A d m i t te d ly  the  m o s t  
fa v o u ra b le  s i te  f o r  p r o to n a t io n  i s  on th e  c a r b o n  r e m o v e d  f r o m  the  
p h e n y l  g ro u p  b u t  t h i s  i s  a  n o n - p r o d u c t iv e  p r o c e s s .  P r o to n a t io n  of 
the  c a r b o n  a d j a c e n t  to  th e  p h e n y l  g ro u p  to  g ive  (4 5), even  if a 
m i n o r  p r o c e s s ,  p r o v i d e s  a  c a t io n ic  c e n t r e  w h ich  c a n  be a t ta c k e d  by 
th e  f a v o u ra b ly  d i s p o s e d  N H M e g ro u p  and  th i s ,  on l o s s  of a p r o t o n ,  
g iv e s  the  d e s i r e d  p r o d u c t  (41).
In  l ig h t  of the  c o m p o u n d s  p r e v io u s l y  d i s c u s s e d  th e  s t r u c t u r e  (41) 
i s  s u f f ic ie n t ly  u n e x p e c te d  and  we w an ted  to  be  c e r t a i n  th a t  th e  
N - m e th y l  g ro u p s  r e m a in e d  in t a c t .  So we e x a m in e d  th e  r e a c t i o n  of 
1, 3 -d ie th y lu r e a  w ith  the  d io n e ,  w h ich  gave  the  e x p e c te d  p r o d u c t  (46).  
T h e  m a s s  s p e c t r u m  and  e l e m e n t a l  a n a l y s i s  of th e  p r o d u c t  w e r e  in  
a g r e e m e n t  w ith  t h i s  s t r u c t u r e ,  and  th e  i r  s p e c t r u m  in d ic a te d  a m id e  
c a r b o n y l  g r o u p s .  T h e  p ro to n  n m r  s p e c t r u m  h ad  f iv e  s e t s  of p e a k s .  
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T h e s e  c l e a r l y  c o r r e s p o n d  to  th e  m e th y l  g r o u p s ,  th e  N - m e th y le n e  
g ro u p s ,  and  th e  a r o m a t i c  p r o t o n s .  T h e r e  i s  a s in g le t  a t  <5 4 , 5 6  
p p m , due to th e  s in g le  m e th in e  p r o to n ,  and  a do u b le  d o u b le t  a t  1
^ 3 .7 1  p p m  (J  8 H z ) .  In  t h i s  c o m p o u n d  t h e r e  i s  no  o v e r la p p in g  
of th e  ^ e t h y l  g r o u p s .a n d  th e  m e th y le n e  p r o to n s ,  and  so th e  d o u b le  
d o u b le t  i s  o b s e r v e d  in  i t s  e n t i r e t y .  T h e  e s s e n t i a l  f e a t u r e s  of th e  
c a r b o n - 13 n m r  s p e c t r u m  a r e  the  s a m e  a s  th o s e  of (41). T h e  
o f f - r e s o n a n c e  s p e c t r u m  p r o d u c e s  a d o u b le t ,  a  s in g le t ,  and a t r i p l e t  
fo r  the  s k e le t a l  c a r b o n  a t o m s .  T h i s  w o rk  h a s  c o n f i r m e d  th a t  the  
N - a lk y l  g ro u p s  do , in d e e d ,  r e m a i n  in ta c t  and  p r o v i d e s  a d d i t io n a l  
p r o o f  of the  s t r u c t u r e  of (41).
W e now  c o n s id e r  th e  c o lo u r  r e a c t i o n s ,  and  to  find  a  s p e c i e s  
w h ich  i s  r e s p o n s i b l e  f o r  th e  c o lo u r  d e v e lo p m e n t .  T h e  r e a c t io n  
m i x t u r e  f r o m  w h ic h  (33d) w a s  o b ta in e d  w a s  d e e p  p u r p l e  and  we 
found th a t  we co u ld  g e n e r a t e  t h i s  c o lo u re d  m a t e r i a l  f r o m  (33d).
A c id i f i c a t io n  of an  a q u e o u s  s o lu t io n  gave a p u r p le  s o lu t io n ,  th e  
in t e n s i ty  of w h ich  i n c r e a s e d  w ith  t i m e .  T h e  r a t e  of c o lo u r  
in t e n s i f i c a t io n  w a s  i n c r e a s e d  by b low ing  oxygen  th ro u g h  the  s o lu t io n  
and  by  a d d i t io n  of an  o x id i s in g  agen t.  C o m p o u n d  (33d) i s  a 
' sk ip p e d ' d ien e  and  t h e r e f o r e  r e a d i ly  s u s c e p t ib le  to  r a d i c a l  o x id a t io n  
a t  th e  m e th y le n e  g ro u p  to  g ive  a  h y d r o p e r o x id e  (C han  e t a l ,  1978) . 
P r o to n a t io n  of th i s  and  e l im i n a t io n  of h y d ro g e n  p e r o x id e  w ould  g ive  
th e  c a r b o n iu m  ion  (4 7 a ) , w h ich  i s  r e l a t e d  to  th e  c y a n in e  d y e s .  T h e  
p o s i t iv e  c h a r g e  c a n  be  d e l o c a l i s e d  on one  of the  tw o o u te r  n i t r o g e n s  
w ith  f o r m a t io n  of a c o n ju g a te d ,  c h r o m o p h o r i c  s y s t e m .  T h i s ,  we 
s u g g e s t ,  i s  the  o r ig in  of th e  c o l o u r .  T h e  r e a c t i o n  i s  a n a lo g o u s  to  
th e  g e n e r a t io n  of th e  t r o p y l iu m  io n  f r o m  c y c l o h e p ta t r i e n e  by
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a u to x id a t io n  in  s t ro n g  a c id  (B o rg  e t  a l ,  1962).
A s o lu t io n  of (33d) in  c h l o r o f o r m  i s  in i t i a l ly  c o l o u r l e s s  bu t 
t u r n s  p u r p le  on s ta n d in g .  C h lo r o f o r m  n o r m a l ly  c o n ta in s  s o m e  a c id  
due to  o x id a t io n .  F o r m a t i o n  of c o lo u r  i s  d im in is h e d  if  l ig h t  and  
o x y g en  a r e  e x c lu d e d .  H o w e v e r ,  a d d i t io n  of p h o s p h o r u s  p e n t a c h lo r i d e  
(a L e w is  ac id )  r e s u l t e d  in  im m e d i a t e  p ro d u c t io n  of th e  c o l o u r .  L e w is  
a c id s  g e n e r a t e  c a r b o n i u m  io n s  and  a r e  know n  to  c o n v e r t  c y c lo h e p ta ­
t r i e n e  in to  th e  t r o p y l iu m  c a t io n  (V o l’p in ,  1957).
F o r m a l l y  (47a) i s  g e n e r a t e d  f r o m  (33d) by  r e m o v a l  of a h y d r id e  
ion  and  f u r t h e r  p ro o f  of the  id e n t i ty  of th e  c o lo u re d  s p e c ie s  c a m e  
f r o m  th e  r e a c t io n  of (33d) w ith  t r i p h e n y lm e th y l  p e r c h l o r a t e  (Dauben  
et a l ,  I9 6 0 ) .  T he  c o lo u r  a p p e a r e d  i m m e d i a t e l y .  T h u s ,  f o r m a t io n  
of (47a) i s  p r o v e d  b eyond  doub t and  we now know  w h a t  h ig h ly  c o l o u r e d  t
s p e c ie s  m a y  be f o r m e d  by  r e a c t i o n  of u r e a s  w ith  a - d i k e t o n e s .
T h e  f i l t r a t e  o b ta in e d  a f t e r  th e  r e m o v a l  of th e  m i x tu r e  of (2 8c) %
and (28d) and  of (28a) f r o m  th e  r e a c t i o n  m i x tu r e  w a s  h ig h ly  c o lo u re d  
and  s u g g e s te d  f o r m a t io n  of a n o th e r  r e a c t i o n  p r o d u c t .  In  v iew
of o u r  id e n t i f i c a t i o n  of th e  c o lo u re d  m a t e r i a l  o b ta in e d  by  r e a c t io n  of 
1, 3 - d im e th y l u r e a  a s  th e  c a r b o n i u m  ion (47a) i t  s e e m s  p r o b a b le  th a t  
the  above  c o l o u r s  a r e  due  to  (47b) and  (47c). A s  h a s  b e e n  s e e n  
in  th e  d i s c u s s i o n  of th e  m e c h a n i s m  of (33d), t h e r e  i s  n o th in g  to  s to p  
u r e a  and  1 - m e t h y lu r e a  r e a c t i n g  in  th e  s a m e .  H o w e v e r ,  we w e r e  
u n s u c c e s s f u l  in  i s o la t in g  an d  c h a r a c t e r i s i n g  ( 3 3 e - e ' )  o r  (33f) f r o m  
the  c o lo u re d  f i l t r a t e s .  I t  i s  p o s s i b l e  th a t  c a r b o n i u m  ion  f o r m a t io n  
i s  c o m p le te  and  n e i t h e r  ( 3 3 e - e ' )  o r  (33f) i s  p r e s e n t .  W ith  the  
r e a c t io n  of 1, 3 - d im e th y l u r e a  so m e  (33d) m u s t  r e m a i n  u n r e a c t e d .
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a l th o u g h  th e  c o lo u r  of th e  so lu t io n  d o e s  in d ic a te  th a t  (47a) f o r m s  
sp o n ta n e o u s ly .  W ith  1 - m e t h y l u r e a  and  u r e a  th e  m a i n  p r o d u c t s  
of r e a c t i o n  a r e ,  of c o u r s e ,  (Z8c-d) and (28a); th e s e  a r e  h ig h ly  
in s o lu b le  and  im m e d i a t e l y  r e m o v e d  f r o m  th e  r e a c t i o n  m i x tu r e ,  
le a v in g  l i t t l e  m a t e r i a l  to  f o r m  ( 3 3 e - e ’) and (33f).
S o m e  e v id e n c e  w a s  o b ta in e d  f o r  f o r m a t io n  of (47b).  R e m o v a l  
of s o lv e n t  f r o m  th e  f i l t r a t e  l e f t  a  ye l lo w  gu m  w h ich  did  no t 
c r y s t a l l i s e ,  b u t  a  c r e a m  so lid  w a s  o b ta in e d  on n e u t r a l i s a t i o n  of a  
m e th a n o l i c  s o lu t io n  b y  a q u e o u s  a m m o n ia  and  a d d i t io n  of a c e to n e .
A s th i s  m a t e r i a l  w a s  f i l t e r e d  off i t  b e c a m e  d a r k  b ro w a  on  c o n ta c t  
w ith  a i r .  H o w e v e r ,  t h i s  w a s  av o id e d  w hen  f i l t r a t i o n  w a s  c a r r i e d  out 
u n d e r  d r y  n i t r o g e n .  O nce  the  m a t e r i a l  w a s  o b ta in e d  d r y  i t  w as  
s ta b le  in  a t ig h t ly  s e a le d  c o n t a i n e r .  A d d i t io n  of a l i t t l e  of th i s  
m a t e r i a l  to  w a te r  p r o d u c e d  a  d e e p  go lden  s o lu t io n .  I t  w a s  found to 
be  in s o lu b le  in  a l l  th e  r e g u l a r  o rg a n ic  s o lv e n ts  an d ,  t h e r e f o r e ,  w e 
w e r e  u n a b le  to  p u r i fy  i t  be  r e c r y s t a l l i s a t i o n .
T h e  m a t e r i a l  w a s  h y g r o s c o p ic ,  a s  w e l l  a s  i m p u r e ,  and  no 
m e a n in g fu l  e l e m e n t a l  a n a l y s i s  co u ld  be o b ta in e d .  T h e  p r o to n  n m r  
s p e c t r u m  (in D^O) c o r r e s p o n d s  to  m e th y l  and  N - m e th y l  g r o u p s  and  
t h e r e  w as  a  v e r y  l a r g e  H^O p e a k .  T h e  i r  s p e c t r u m  (K B r  d is c )  h ad  
a b r o a d  p e a k  in  th e  N H /O H  re g io n  and  a n o th e r  in  th e  r e g io n  C = C /C = 0 .  
A lk a l in e  p o t a s s i u m  p e r m a n g a n a t e  w a s  d e c o l o r i s e d  by a s o lu t io n  of th e  
m a t e r i a l ,  s u g g e s t in g  the  p r e s e n c e  of c a r b o n - c a r b o n  do u b le  b o n d s .
We s u g g e s t  t h a t  th e  m a t e r i a l  i s o l a t e d  i s  th e  c a r b i n o l  (4 8), p r o b a b ly  
a s  a  h y d r a t e ,  w h ic h ,  in  s o lu t io n ,  f o r m s  the  c o lo u r e d  c a r b o n iu m  
ion (4 7 b -c ) .
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T h e r e  i s  s u p p o r t  f o r  t h i s  f r o m  th e  c a r b o n - 13 n m r  s p e c t r u m  |1in  a q u e o u s  s o lu t io n .  T h e r e  a r e  p e a k s  c e n t r e d  a t  6 2 6 .0 7 ,  5 5 .2 6 ,  |
I6 0 .4 1  and 1 6 1 .5 1  p p m  c o r r e s p o n d i n g  to  m e th y l ,  tw o  N - m e th y l  g r o u p s ,  
and th e  c a r b o n s  of th e  d o u b le  bond  w h ich ,  b e c a u s e  of the  p o s i t iv e  
c h a r g e ,  h a v e  a l l  m o v e d  dow nfie ld  f r o m  th e  e q u iv a le n t  v a lu e s  in  
(33d). T h e  c a r b o n i u m  ion  c e n t r e  and the  c a r b o n y l  g ro u p  did  no t 
a p p e a r  in  th e  s p e c t r u m .
W e w e r e  e q u a l ly  u n s u c c e s s f u l  in  o b ta in in g  p o s i t i v e  d i r e c t  
id e n t i f i c a t io n  of th e  c o lo u re d  p r o d u c t  by  r e a c t io n  of u r e a  and 
b u ta n e - 2 ,  3 - d io n e .  R e p e t i t io n  of th e  i s o la t io n  p r o c e d u r e  d e s c r i b e d  
above  y ie ld e d  a  c r e a m  s o l id  w h ich  w a s  h y g r o s c o p ic ,  a i r - s e n s i t i v e ,  
and so lu b le  o n ly  in  w a t e r .  H o w e v e r ,  we a r e  s u r e  th a t  th e  c o lo u r  
i s  due  to  (47e ) , p a r t l y  b e c a u s e  of th e  e v id e n c e  a d d u c e d  f o r  th e  
f o r m a t io n  of (4 7 a ) ,  and  p a r t l y  b e c a u s e  we h a v e  found  it  i m p o s s ib l e  
to  find any  o th e r  s u i t a b le  c h r o m o p h o r i c  s y s t e m  w h ic h  c a n  f o r m  
f r o m  u r e a  an d  u - d ik e to n e .  T h i s  id e n t i f i c a t io n  i s  i m p o r t a n t  a s  
r e a c t i o n  b e tw e e n  u r e a  and  d ia c e ty l  m o n o x im e  in  ac id  i s  u s e d  a s  a 
c o l o r i m e t r i c  p r o c e d u r e  f o r  th e  m e a s u r e m e n t  of u r e a  c o n c e n t r a t i o n s  
in  b io lo g ic a l  l i q u id s  d u r in g  m e d ia l  d ia g n o s i s  (W ybenga e t al, 1971).
T h e  m e th o d  i s  w id e ly  u s e d  and  a p p e a r s  to  be h ig h ly  s p e c i f ic  f o r  
u r e a .  U n ti l  now  the  c h e m i s t r y  h a s  b e e n  u n k n o w n . In  a c id  so lu t io n  
th e  m o n o x im e  i s  h y d r o ly s e d  to  th e  d ik e to n e  w h ic h  th e n ,  w e s u g g e s t ,  
r e a c t s  w ith  u r e a  to  f o r m  (33f). R a d ic a l  o x id a t io n  of (33f) in  a c id
s o lu t io n  g e n e r a t e s  th e  c o lo u re d  s p e c i e s  (47e) .  In  the v e r y  d i lu te  4
J
s o lu t io n s  u s e d  in  b io lo g ic a l  a s s a y s  (28a) i s  n o t  p r e c i p i t a t e d .  W hen
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(28a) i s  d i s s o lv e d  in  c o n c e n t r a t e d  a c id  i t  i s  c o n v e r t e d  in to  (47e) 
and e x h ib i t  a n  id e n t i c a l  a b s o r p t i o n  m a x im u m  (47 8 nm ) a s  th e  
c r e a m  so l id  i s o l a t e d  f r o m  f i l t r a t e  a f t e r  th e  r e m o v a l  of (28a).
I t  h a s  b e e n  s u g g e s te d  (W ootton , 1974), th a t  th e  c o lo u r  i s  p h o to ­
s e n s i t i v e ,  in t e n s i f i e d  by  th e  p r e s e n c e  of f e r r i c  io n s  and  s e m i -  
c a r b a z i d e .  A f te r  a s e r i e s  of e x p e r i m e n t s  a s  m e n t io n e d  in  the  
e x p e r i m e n t a l  s e c t io n ,  w e h a v e  found th a t  c o lo u r  f o r m a t io n  d e p e n d s
on ly  upon  th e  s t r e n g t h  of a c id s  and  b o i l i n g - t i m e ,  and no t on an y  k in dS
of io n s  (eg .  F e^ ^ ,  Fe^^, PO^ , C l  , N l ^ - C  -N H ^ - N H ^ ) . B u t,  on the  
o th e r  h an d ,  the  p r e s e n c e  of h y d ro q u in o n e  d im in i s h e s  th e  c o lo u r  
in t e n s i ty  and  r e f l e c t s  th e  r o le  of d i s s o lv e d  o x y g en  in  s o lu t io n .
S i m i l a r  o b s e r v a t i o n s  w e r e  n o te d  in  th e  r e a c t i o n  of o th e r  u r e a s  and  
d ik e to n e s .
In  th e  r e a c t i o n  of 1, 3 - d i m e t h y l u r e a  and  1 - p h e n y lp r o p a n e - 1 , 2 -  
d io n e ,  th e  m a in  p r o d u c t  i s  (41) le a v in g  b eh in d  a s m a l l  a m o u n t  of 
c o lo u re d  m a t e r i a l .  I t  w a s  n o t  enough  to  p r o c e e d  f u r t h e r .  H o w e v e r ,  
in  th e  l ig h t  of th e  p r o p o s e d  r e a c t i o n  m e c h a n i s m  t h e r e  i s  no r e a s o n  
w hy tw o m o l e c u l e s  of (4 3) do n o t  c o n d e n s e  in  th e  s a m e  w ay  a s  th a t  
show n in  S c h e m e  7 .  T h u s ,  w e a s s u m e ,  th e  c o lo u re d  m a t e r i a l  i s  
(33g) w h ic h ,  in  a c id  s o lu t io n  h a s  c o n v e r t e d  to  (4 7 f ) . T h e  c a r b o n  
sk e le to n  of (41) in  s t r o n g  a c id  d o e s  no t r e m a i n  in t a c t ,  bu t s low ly  
c h a n g e s  to  (47f) a lo n g  w ith  a s e r i e s  of c o lo u r  v a r i a t i o n s  ( i s
th e  s a m e ) .
T h e  h ig h ly  c o lo u re d  f i l t r a t e  l e f t  a f t e r  th e  i s o l a t i o n  of (2 8g) w a s  
enough  to  u n d e r ta k e  f u r t h e r  in v e s t ig a t i o n s .  A d d i t io n  of e x c e s s  
a c e to n e  b ro u g h t  out a w h ite  s o l id ,  w h ich  m e l te d  a t  3 1 0 ° .  On
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e x p o s u r e  to  a i r  and  l ig h t  i t  s lo w ly  c h a n g e d  to p ink  c o l o u r .
E l e m e n t a l  a n a l y s i s  and  m o l e c u l a r  w e ig h t  d e t e r m in a t io n  c o r r e s p o n d  
to  a m o l e c u l a r  f o r m u l a  ^  19^ 16 ^ 4 ^ 2  ' p ro to n  n m r  s p e c t r u m  in
[^H ^JD M SO  show s a l l  th e  c h a r a c t e r i s t i c  f e a t u r e s  p r e s e n t  in  (3 3h).
A p a r t  f r o m  NH p r o t o n s ,  th e  m e th y le n e  p r o to n s  a b s o r b  a t  S 3 .7 5  (2H) 
w h ile  a r o m a t i c  o n e s  a t  7 .2 5  (lOH) p p m .  T h e  c a r b o n -  13 n m r  s p e c t r u m  
u n a m b ig u o u s ly  c o n f i r m s  th e  s t r u c t u r e  of C a s  (33h).
B e s id e s  r e s o n a n c e s  of a r o m a t i c  c a r b o n s ,  t h e r e  a r e  fo u r  p e a k s  a t  |
8  2 0 .7 2 ,  1 1 4 .6 9 ,  1 1 8 .1 3  and  15 4 .0 2  p p m .  T h e  f i r s t  and l a s t  p e a k s  
a r e  a s s ig n e d  to  m e th y le n e  and c a r b o n y l  g ro u p s ,  w h ile  th e  r e m a in in g  
two a r e  due  to  un s y m m e t r i c a l  o le  f in ie  c a r b o n s .  T h e  d e c o l o r i  s a t io n  
of n e u t r a l  s o lu t io n  of p o t a s s i u m  p e r m a n g a n a t e  f u r t h e r  e s t a b l i s h e s  
the  e x i s t e n c e  o f  o le f in ic  d o u b le  b o n d s  in  (33h). T h e  i r  s p e c t r u m  i s  
e q u a l ly  c o n s i s t e n t  w ith  NH and  a m id e  c a r b o n y l  g r o u p s .  On 
a c i d i f i c a t i o n  it  y ie ld s  an  i n t e n s e  p u r p le  c o lo u r  and  th i s  c o lo u r  
a b s o r b s  a t  th e  s a m e  w a v e le n g th  (550 nm ) in  th e  v i s ib l e  r e g io n  a s  
the  f i l t r a t e  f r o m  w h ic h  i t  h a s  b e e n  r e c o v e r e d .  H e n c e ,  th e  s t r u c t u r e  
of (33h) w h ic h  i s  a n a lo g o u s  to  (33d) , i s  c o n f i r m e d .
C o m p o u n d s  of ty p e  (33) c o n ta in  4 - i m i d a z o l i n e - 2 - o n e s on 
e i t h e r  s id e  of th e  m e th y le n e  g ro u p .  W e th o u g h t  i t  w ould  be of 
i n t e r e s t  to  e x a m in e  th e  r e a c t i o n  of u r e a s  and a c y lo in s ,  a s  the  
r e s u l t in g  p r o d u c t ,  4 - i m i d a z o l i n - 2 - o n e s ,  m ig h t  c o n d e n s e  to  g ive  
p r o d u c t s  a n a lo g o u s  to  (33).  T h a t  i s  w hy w e in v e s t ig a t e d  the  
r e a c t i o n s  of u r e a ,  1 - m e t h y l u r e a ,  and  1, 3 - d i m e t h y l u r e a  w ith  
v a r io u s  a c y lo in s  u n d e r  s t a n d a r d  c o n d i t io n s ,  i e .  in  r e f lu x in g  
b e n z e n e  w ith  a d d e d  T E A .  D e ta i le d  s p e c t r a l  d a ta  of th e  p r o d u c t s  
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a) A c e to in  (4 9a) - R e a c t io n  w ith  u r e a  p r o c e e d s  r e a d i l y  to  g ive  
th e  e x p e c te d  p r o d u c t  4 , 5 - d im e th y l -  4 - im id a z o l in -  2 - one (50a)
(B l i tz ,  1907). W ith  1 - m e t h y l u r e a  w e o b ta in e d  1 , 4 , 5 - t r i m e t h y l -  -Çj
4 - im id a z o l in -  2 - one (50b), w h ich  w a s  id e n t i f ie d  m a i n l y  f r o m  the  
c a r b o n - 13 n m r  s p e c t r u m ;  two n e a r l y  id e n t i c a l  m e th y l  g r o u p s ,  î
one N - m e th y l  g ro u p ,  two o le f in ic  c a r b o n s  w ith  s l ig h t ly  d i f f e r e n t  
s h i f t s ,  and  one  c a r b o n y l  c a r b o n .  T h e  f o r m a t io n  of (50b) d o e s  
not a g r e e  w ith  the  s ta tem eJa t " th e  a c y lo in s  of th e  a l ip h a t i c  s e r i e s  
(which) f a i l  to  r e a c t  w ith  s u b s t i tu te d  u r e a s " ( H o f m a n n ,  1953). H o w e v e r  
t h e r e  w a s  no r e a c t i o n  b e tw e e n  a c e to in  and 1, 3 - d im e th y l u r e a .
b) P r o p io n o in  (4 9b)
R e a c t io n  w ith  u r e a  gave  th e  e x p e c te d  p r o d u c t ,  v iz  (5 0 c ) ,  w h ich  
w a s  id e n t i f i e d  by  s p e c t r a l  d a t a .  W ith  1- m e t h y l -  and  1 , 3 - d i m e t h y l -  a
u r e a  u n r e a c t e d  s t a r t i n g  m a t e r i a l  w a s  r e c o v e r e d .  L a c k  of r e a c t io n  
w ith  th e  f o r m e r ,  w h en  c o m p a r e d  to r e a c t io n  w ith  a c e to in ,  m u s t  be  
due to  i n c r e a s e d  s t e r i c  f a c t o r s .
c) P h e n y la c e ty l c a r b in o l  (4 9c)
R e a c t io n  w ith  u r e a  g ave  th e  e x p e c te d  p r o d u c t  (50d), A ll  th e  
s p e c t r a l  d a ta  a r e  c o n s i s t e n t  w ith  th i s  s t r u c t u r e .  T h e re ,  w as  a l s o  
r e a c t i o n  w ith  1 - m e t h y l u r e a  b u t ,  a s  the  a c y lo in  i s  u n s y m m e t r i c a l ,  
t h e r e  i s  th e  p r o b l e m  of th e  p o s i t i o n  of th e  N - m e th y l  g ro u p .  In  
the  p r o to n  n m r  s p e c t r u m  of (50b) th e  p r o to n s  of th e  N - m e th y l  
g ro u p  h av e  a  c h e m ic a l  sh if t  of S 3. 12 p p m , w h ile  th o s e  of the  
p r e s e n t  co m p o u n d  a r e  a t  6 2 ,4  8 p p m . T h i s  u p f ie ld  sh if t  s u g g e s t s  
th a t  th e  m e th y l  g ro u p  i s  a d j a c e n t  to  th e  p h e n y l  g ro u p  w ith
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c o n s e q u e n t  m a g n e t i c  s h ie ld in g .  T h e  p r o d u c t  i s ,  t h e r e f o r e ,  (50e) .  ,
A ll  the  o th e r  s p e c t r a l  d a ta  a r e  in  a g r e e m e n t  w ith  a s s i g n m e n t .  c
1, 3 - D im e t h y lu r e a  did n o t  r e a c t  w ith  p h e n y la c e ty lc a r b in o l ,  !
d) B e n z o in  (4 9d)
R e a c t io n  w ith  u r e a  gave  a p r o d u c t  w h ich  w a s  id e n t i f i e d  w ith  
th a t  o b ta in e d  by r e a c t io n  of u r e a  and b e n z i l  (2 8 g ) . T h i s  h a s  b e e n  
p r e p a r e d  and  c h a r a c t e r i s e d  p r e v io u s l y  (B u t le r  and  L e i t c h ,  1980).
B e n z o in  i s  kn o w n  to o x id i s e  r e a d i l y  to  b e n z i l  and  th i s  i s  the 
s im p l e s t  e x p la n a t io n  of th e  above  o b s e r v a t i o n .  W ith  1 - m e t h y lu r e a  
th e  s i tu a t io n  i s  m o r e  c o m p l i c a t e d .  T h e  p r o d u c t ,  w h ich  i s  
in s o lu b le  in  e v e r y  s o lv e n t  s u i ta b le  f o r  r e c r y s t a l l i s a t i o n ,  did  n o t  
m e l t  s h a r p ly .  T h i s  s u g g e s te d  th a t  i t  w a s  a  m i x t u r e .  B e n z i l  i s  
know n to  r e a c t  w ith  1 - m e t h y l u r e a  to  g ive  (28h) bu t th e  p ro to n  n m r  
s p e c t r u m  of th i s  p r o d u c t  h ad  c h e m ic a l  sh if t  of 6 2 .9 6  and 3. 14 p p m  
c o r r e s p o n d in g  to  tw o d i f f e r e n t  N - m e th y l  g r o u p s ,  on ly  one of w h ic h  
i s  r ig h t  f o r  (28h). W e a s s u m e  th a t  th i s  i s  due to  c o n c o m i ta n t  
f o r m a t io n  of (5 Of) and  (28h). T h e  m a s s  s p e c t r u m  of th e  p r o d u c t  
h ad  p e a k s  a t  m / e  280 and  322, w h ich  a r e  m o l e c u l a r  ion  p e a k s  fo r  
the  tw o  p r o d u c t s .  O th e r  s p e c t r a l  d a ta  w e r e  n o t  d i a g n o s t i c .  It 
a p p e a r s  th a t  r e a c t i o n  of b e n z o in  w ith  m e th y l u r e a  o c c u r s  a t  a r a t e  
s i m i l a r  to  th a t  of o x id a t io n  to  b e n z i l .
U n d e r  o u r  e x p e r i m e n t a l  c o n d i t io n s  t h e r e  w a s  no  r e a c t io n  
b e tw e e n  b e n z o in  and  1, 3 - d i m e t h y l u r e a ,  a l th o u g h  i t  i s  c l a im e d  
(H ofm ann , 1953) th a t  r e a c t i o n  c a n  o c c u r  to  g ive  1, 3 - d i m e t h y l - 4 , 5 -  
d ip h e n y l - 4 - i m i d a z o l i n - 2 - o n e .  O u r  r e s u l t s  do n o t  s u p p o r t  th e
v iew  th a t ,  in  r e a c t i o n  w ith  N - s u b s t i t u t e d  u r e a s ,  a c y lo in s  of the  à
o OH 
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a l ip h a t ic  s e r i e s  r e a c t  d i f f e r e n t ly  f r o m  th o s e  of th e  a r o m a t i c .
T h e  s im p l e s t  e x p la n a t io n  f o r  th e  la c k  of r e a c t iv i t y  of 1 , 3 - d i m e t h y l -  i
u r e a  i s  a s t e r i c  on e .
We p r o p o s e  a  g e n e r a l  m e c h a n i s m ,  show n in  S c h e m e  9, fo r  th e
r e a c t io n  of u r e a  w ith  a c y lo in s  in  the  p r e s e n c e  of a n  a c i d .  L ik e
o th e r  r e a c t i o n s  of u r e a s  and  d ik e to n e s ,  h e r e  a l s o ,  th e  d r iv in g
f o r c e  i s  th e  e l im in a t io n  of th e  e l e m e n t s  of w a t e r  w h e n e v e r  th i s  i s
5 Cp o s s i b l e .  T h e  n e e d  f o r  th e  c a r b o n  a to m  to w h ic h  R  i s  a t t a c h e d  5
Ito l o s e  two g r o u p s ,  H and  O H, m e a n s  th a t  r e a c t i o n  p r o b a b ly
o c c u r s  h e r e  f i r s t .  T h e  f o r m a t io n  of (50e) f r o m  (4 9c) ,  r a t h e r  fJ:
th a n  th e  o th e r  i s o m e r ,  i s  in  a g r e e m e n t  w ith  th i s  a s  the  m e th y la t e d  f
■ i
n i t r o g e n  i s  th e  m o r e  b a s ic  s i t e  and w il l  a t t a c k  f i r s t .  I
1
A ll  th e  i m i d a z o l i n - 2 - o n e s  p r e p a r e d ,  a p a r t  f r o m  (50f) gave  I
Iin t e n s e  c o l o u r s  in  ac id  s o lu t io n .  W e w e r e  s u c c e s s f u l  in  i s o la t in g  ;■
b e a u t i fu l  c r y s t a l s  of c r i m s o n  c o lo u r  f r o m  c h l o r o f o r m  so lu t io n  of *5
(50b) w h en  i t  w a s  s a tu r a t e d  w ith  d r y  h y d ro g e n  c h l o r i d e  g a s .  I t s  
m a s s  s p e c t r u m  d o e s  in d ic a te  th e  p r e s e n c e  of c h l o r i n e  and  th e  
h ig h e s t  p e a k  w a s  a t  m /e^ 300. I t  m e l t s  a t  100° (not s h a rp )  and 4
e l e m e n ta l  a n a l y s i s  (on ly  C ,H ,N )  a g r e e s  w ith  th e  s i m p l e s t  f o r m u l a  |
of (C ^H gN )^ . O th e r  s p e c t r a l  d a ta  c o r r e s p o n d  to  o r ig i n a l  f e a t u r e s  
of (50b).  I t  i s  e x t r e m e l y  so lu b le  in  w a te r  and  y ie ld s  r e d  s o lu t io n .
H o w e v e r ,  w e c a n n o t  s p e c u la te  on th e  r e a c t i o n  p a th w a y  w hen  th e  |
f in a l  s t r u c t u r e  of p r o d u c t  i s  s t i l l  unknow n.
A f te r  a  d e ta i le d  s tudy  of the  r e a c t io n s  of u r e a s  w ith  d ik e to n e s  -f
and a c y lo in s ,  w e d e c id e d  to  s y n th e s i s e  s u ch  a c o m p o u n d  w h ich  
cou ld  r e p l a c e  d ia c e ty l  in  th e  e s t i m a t io n  of u r e a  c o n c e n t r a t i o n s  in  |
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s u c c e e d e d  in  s y n th e s i s in g  1, 5 - d i p h e n y l - 2, 4 - d ih y d r o x y p e n t a n e -
1 ,5 - d i o n e  (52) (30% y ie ld ) a lo n g  w ith  (53) w h ic h  i s  a  m a j o r  
p r o d u c t  (S c h e m e  10). U n fo r tu n a te ly ,  th i s  c o m p o u n d  (52) d id  
n o t  r e a c t  a s  we e x p e c te d ,  a t  r o o m  t e m p e r a t u r e .  H o w e v e r ,  
r e f lu x in g  (52) w ith  u r e a  in  b e n z e n e  and  T F A  g ave  a r e d  v i s c o u s  
m a s s  w h ich  on d i lu t io n  w ith  w a t e r  y ie ld e d  r e d  c o lo r a t io n ,  a 
s m a l l  a m o u n t  of (53), and  s o m e  u n id e n t i f i e d  m a t e r i a l .  T h e  r e d  
c o lo u r  of a q u e o u s  s o lu t io n  d o e s  i n d i c a te  th a t  c o m p o u n d  (52) h a s  
p r o b a b ly  r e a c t e d  w ith  u r e a  and s u b s e q u e n t ly  f o r m e d  a  c a r b i n o l ,  
w h ich  i s  a  p r e c u r s o r  of c o lo u re d  s p e c ie  s .  A s  co m p o u n d  (52) 
p o s e d  s o lu b i l i ty  p r o b l e m s  in  a d d i t io n  to  a  d r a m a t i c  s t a b i l i s i n g -  
e f f e c t  of b e n z o y l  g ro u p  on  e i t h e r  s id e  in  th e  f o r m a t i o n  of (53), we 
s u g g e s t  a n o th e r  c o m p o u n d  (54), a n a lo g o u s  to  (52), w h ic h  co u ld  be  
a  s u b s t i tu t io n  f o r  d ia c e ty l .
C o m p o u n d  (52) i s  a w h i te  c r y s t a l l i n e  so l id ,  m e l t s  a t  144° 
w h ile  co m p o u n d  (53) i s  a g r e e n i s h  y e l lo w  s o l id ,  e x i s t s  
p r e d o m i n a n t l y  in  e n o l ic  f o r m  (53a) in  s o lu t io n  a n d ,  h a s  m p  2 4 4 ° ,  
O th e r  r e l e v a n t  d a ta  a r e  g iv e n  in  E x p e r i m e n t a l  s e c t i o n .  A s  
co m p o u n d  (52) h a s  tw o  c e n t r e s  of c h i r a l i t y  and  m u s t  e x i s t  in  tw o  
e n a n t i o m e r i c  f o r m s .  H o w e v e r ,  th e  p r o to n  n m r  s p e c t r u m  a t  
100 M Hz show ed  th a t  th e  p r o d u c t  w a s  d i a s t q r e o i s o m e r s  and, p r o b a b ly  
c o n ta in e d  m e  so f o r m .
T h e  l a s t  u - d ik e t o n e  l e f t  i s  c y c l o h e x a n e - 1, 2 - d i o n e . T h i s  d ione  
a l s o  g av e  an  i n t e n s e  b lu e  c o l o r a t io n  w ith  u r e a  an d  i t s  N - a lk y l  
d e r i v a t i v e s .  T h e  m o s t  r e a d i l y  c h a r a c t e r i s e d  p r o d u c t  w a s  o b ta in e d  
on t r e a t m e n t  w ith  1, 3 - d i m e t h y l u r e a ,  R e a c t io n  w a s  e f fe c te d  in  
th e  m a n n e r  d e s c r i b e d  p r e v i o u s l y  and  a w h ite  so l id  w a s  r e c o v e r e d
n  R HO T o  I OH  
^ N ^ N .
HOpl O ^ O H
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f r o m  th e  r e a c t i o n  m i x t u r e .  On h e a t in g ,  th i s  m a t e r i a l  l o s t  
w a te r  b e f o r e  m e l t i n g .  In  the  m a s s  s p e c t r u m  t h e r e  w a s  a p e a k  
a t  m/e^ 328 b u t  c l e a r l y  th i s  m a y  b e  th e  m o l e c u l a r  io n  a f t e r  l o s s  
of one o r  m o r e  m o l e c u l e s  of w a t e r .  T h e  m a t e r i a l  w a s  so lu b le  
in  b o th  c h l o r o f o r m  and w a t e r .  E l e m e n t a l  a n a l y s i s  gave  an  
e m p i r i c a l  f o r m u l a  of T h e  i r  s p e c t r u m  in d ic a te d
the  p r e s e n c e  of c a r b o n y l  and  h y d ro x y l  g r o u p s .  F r o m  the  
ev id e n c e  so f a r  we p r o p o s e  s t r u c t u r e  (55a) and  th e  p e a k  a t  m / ^  328 
in  th e  m a s s  s p e c t r u m  i s  ( j ^ - 4 H ^ O ) . T h e  n m r  s p e c t r a  of the  
p r o d u c t  gave  c o n f i r m a t i o n  of th i s  s t r u c t u r e .  In  the p ro to n  n m r  
s p e c t r u m  a t 100 M Hz t h e r e  w e r e  tw o  s in g le t s  a t  S 1. 82 and  2. 30 
and a  c o l le c t io n  of u n r e s o lv e d  s in g le t s  in  th e  r a n g e  2 . 7 6 - 3 . 7 7  p p m .  
T h e  p a i r  of s in g le t s  w e a s s i g n  to  th e  r in g  m e th y le n e  g ro u p s  and  th e  
o t h e r s  to  N - m e th y l  g r o u p s .  C o m p o u n d  (55a) m a y  e x i s t  in  a n u m b e r  
of s t e r e o i s o m e r i c  f o r m s  an d  so  th e  N - m e th y l  g ro u p s  a r e  in  d i f f e r e n t  
m a g n e t ic  e n v i r o n m e n t s .  T h e  s p e c t r u m  a t  360 M Hz w a s  n o t  m o r e  
in f o r m a t iv e ;  i t  im p ro v e d  on  th e  one a t  lo w e r  f ie ld  o n ly  in  th a t  the  
N - m e th y l  p e a k s  w e r e  b e t t e r  r e s o l v e d .  T h e  c a r b o n - 13 n m r  
s p e c t r u m  w a s  m o r e  d ia g n o s t ic  and  in d ic a te d ,  a s  w e l l  a s  N - m e th y l  
and c a r b o n y l  g r o u p s ,  t h r e e  c a r b o n  a to m s  of d i f f e r e n t  s h i f t s  in  th e  
m o l e c u l e .  T h e s e  a r e  th e  c a r b o n  a t o m s  of th e  c y c lo h e x a n e  r in g  
and  one ,  w ith  a  sh if t  of S 5 8 .0  p p m  i s  r ig h t  f o r  a c a r b o n  a to m  
b e a r i n g  a  h y d ro x y  g ro u p .
A d d it io n  of (55a) to  m o d e r a t e l y  c o n c e n t r a t e d  H G l p ro d u c e d  a 
p u r p le  so lu t io n  w h ich  c h a n g e d  to  ye l low  on s ta n d in g .  T h i s  r e a c t i o n  
co u ld  be due to  p r o to n a t io n  of th e  h y d ro x y  g ro u p s  fo l lo w ed  by  l o s s
56a R =  Me
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of w a te r  to  g ive  a  c o n ju g a te d  c a t io n .  If a l l  h y d ro x y  g ro u p s  w e r e  
p r o to n a t e d  th e n  th e  p r o d u c t  w ould  be  (56a),  a c o n ju g a te d  t e t r a c a t i o n .  
T h e  c o n ju g a t io n  e x p la in s  th e  c o l o u r .  T h e  c a r b o n - 13 n m r  s p e c t r u m  
of (55a) d i s s o lv e d  in  5M h y d r o c h lo r i c  a c id  had  no  p e a k  a t  6 58. 0 p p m  
in d ic a t in g  l o s s  of a l l  the  h y d ro x y l  g r o u p s .  T h e r e  i s  a l s o  a  p e a k  a t  
5 1 5 1 .2  p p m  w h ich  w e c a n  a s c r i b e  to  th e  C=N g ro u p  of (5 6 a ) ,  T h e  
f o r m a t io n  of t e t r a c a t i o n  i s  s u r p r i s i n g  bu t i t  i s  n o t  w ith o u t  p r e c e d e n t .  
A ll fo u r  n i t r o g e n s  of h e x a m e th y le n e  t e t r a a m i n e  a r e  p r o to n a t e d  in 
s u lp h u r ic  a c id  s o lu t io n  ( G i l le s p ie  and  W a s if ,  1953). T h e  c o lo u re d  
s p e c ie s  i s  n o t  s ta b le  and  i t  co u ld  r e a c t  f u r t h e r  by  s low  d e p ro to n a t io n  
and  f o r m a t i o n  of o le f in ic  d o u b le  b o n d s  to  g ive  a  m o le c u le  (57a) w h ich  
i s  no lo n g e r  c o n ju g a te d .  A n  ag e d  so lu t io n  of (55a) in  5M h y d r o ­
c h l o r i c  a c id  d o e s  h av e  p e a k s  in  th e  r a n g e  8 1 2 0 ,3 - 1 2 8 .4  p p m  in  
the  c a r b o n - 13 n m r  s p e c t r u m .
T h e  p u r p le  s o lu t io n  i s  j u s t  s ta b le  enough  to  p e r m i t  d e t e r m in a t io n
of th e  c o n c e n t r a t i o n  of th e  c o lo u re d  s p e c ie s  a s  a fu n c t io n  of a c id i ty .
T he  a b s o r b a n c e  w en t  on i n c r e a s i n g  w ith  ac id  s t r e n g t h  and  f in a l ly
le v e l le d  a t  c o n c e n t r a t i o n  of 3M HC1 ( F ig u r e  1), B ut th e  i s o s b e s t i c
p o in t s  an d  /» r e m a in e d  f ix e d  a s  th e  a c id i ty  w a s  i n c r e a s e d .  T h i s  ^ m a x  ’
i s  no t w h a t  i s  e x p e c te d  if  s te p w is e  p r o to n a t io n  o c c u r s ,  i e ,  c o m p le te  
c o n v e r s io n  to  th e  m o n o c a t io n  b e f o r e  a seco n d  p r o to n a t io n  c o m m e n c e s .  
T h e  s p e c t r a l  e v id e n c e  a c c o r d s  b e t t e r  w ith  p a r t i a l  c o n v e r s io n  to  th e  
f in a l  p r o d u c t  v iz ,  th e  t e t r a c a t i o n  (56a) .  T h e  e x t e n s iv e  c o n ju g a t io n  
in  (56a) m a y  be  th e  d r iv in g  f o r c e  in  th i s  r e a c t i o n .  T h e  on ly  s p e c i e s  
p r e s e n t  in  a c id  s o lu t io n  a r e  t h e r e f o r e ,  (55a) and (5 6 a ) ,  e x c lu d in g  
any  p r o d u c t s  of p r o to n  l o s s  f r o m  (56a) ,  T h e r e f o r e ,  w e w e r e  a b le  
to  m e a s u r e  s p e c t r o p h o t o m e t r i c a l l y  the  r a t i o  [(56a)]/ [(55a) j a s  a
4 1
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fu n c t io n  of a c id  c o n c e n t r a t i o n .  T h e  t e r m  lo g  [ ( 5 6 a ) ] / [ ( 5 5 a ) ]  
w a s  p lo t te d  a g a in s t  tw o  a c id i ty  fu n c t io n s  and  ( F i g u r e  2).
W ith  the  l a t t e r  the  c u r v e  i s  r e c t i l i n e a r  and  h a s  a  s lo p e  of - 0 . 7 .
A c o r r e l a t i o n  w ith  , r a t h e r  th a n  , i s  r ig h t  f o r  a  p r o c e s s  
in v o lv in g  p r o to n a t io n  of an  h y d ro x y l  g ro u p  and  l o s s  of w a te r  and  
s u p p o r t s  the  p r o p o s e d  c h e m ic a l  c h a n g e s .  H o w e v e r ,  w e a r e  
u n a b le  to  g ive  m e a n in g  to  th e  m a g n i tu d e  of th e  s lo p e .
R e a c t io n  of u r e a  and c y c l o h e x a n e - 1, 2 -d io n e  u n d e r  th e  s a m e  
c o n d i t io n s  g av e  a  w h ite  so l id  w h ich  a l s o  p ro d u c e d  an  i n t e n s e  
c o lo u r  w hen  d i s s o lv e d  in  a c id .  T h i s  p r o d u c t  w a s  m o r e  d i f f ic u l t  
to  c h a r a c t e r i s e ,  p a r t l y  b e c a u s e  of i t s  low  s o lu b i l i ty .  T h e  i r  
s p e c t r u m  s u g g e s te d  th e  p r e s e n c e  of N H /O H  g r o u p s  and  c a r b o n y l  
g ro u p s  an d ,  f r o m  e l e m e n t a l  a n a l y s i s ,  th e  e m p i r i c a l  f o r m u l a  i s  
^  1 7 ^ 1 2 ^ 2 ^ 3 '  E x te n s iv e  f r a g m e n ta t i o n  o c c u r r e d  in  th e  m a s s  
s p e c t r o m e t e r  and  so i t  w a s  n o t  p o s s ib le  to  d e t e r m i n e  the  m o l e c u l a r  
w e ig h t  by th i s  m e th o d .  H o w e v e r ,  th e  e v id e n c e  so f a r  i s  c o n s i s t e n t  
w ith  a s t r u c t u r e  w h ic h  i s  an  a n a lo g u e  of (55a) w ith o u t  N - m e th y l  
g r o u p s ,  i e .  (55b), U n lik e  (55a) ,  th i s  c o m p o u n d  i s  n o t  s o lu b le  in  
th e  s o lv e n ts  r e g u l a r l y  u s e d  f o r  n m r  s p e c t r o s c o p y ,  b u t  d o e s  d i s s o lv e  
in  t r i f l u o r o a c e t i c  a c id  (T F A ) .  I n te n s e  c o l o u r s  d e v e lo p  r a p id ly  if 
the  so lu t io n  i s  w a r m e d ,  bu t a t  a m b ie n t  t e m p e r a t u r e  th e  r e a c t io n  
i s  s low  enough  to  a l lo w  r e c o r d i n g  of th e  p r o to n  and c a r b o n - 13 
n m r  s p e c t r a .  P r o v id e d  th e  T F A  s o lu t io n  w a s  n o t  a l lo w ed  to  s ta n d  
f o r  too lo n g ,  i t  w a s  p o s s i b l e  to  r e c o v e r  th e  m a t e r i a l  f r o m  s o lu t io n  
u n c h a n g e d .  In  th e  p r o to n  n m r  s p e c t r u m  t h e r e  a r e  two b r o a d  
s in g le t s  a t  h igh  f ie ld ,  w h ic h  w e a s s i g n  to  th e  h y d r o g e n s  of th e
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c y c lo h e x a n e  r in g ,  a n d  a  b r o a d  s in g le t  a t  m u c h  lo w e r  f ie ld  (NH 
a n d / o r  OH), T h e  c a r b o n - 13 n m r  s p e c t r u m  i s  m o r e  in fo rm a t iv e ;  
r e s o n a n c e  o c c u r s  a t  (§ 1 7 ,6 ,  3 1 .8 ,  7 9 .4 ,  and  165. 5 p p m .  T h e  
f i r s t  tw o we a s s i g n  to  th e  c y c lo h e x a n e  m e th y le n e  g r o u p s ,  the  t h i r d  
to  th e  c a r b o n  b e a r i n g  a  h y d ro x y  g ro u p ,  and  th e  l a s t  to  th e  c a r b o n y l  
g r o u p s .
A s  m e n t io n e d  p r e v io u s l y ,  a s o lu t io n  of (55b) b e c o m e s  i n t e n s e ly  
c o lo u re d  on w a r m in g .  T h i s  i s  of r e l e v a n c e  to  a n a ly t i c a l  
b i o c h e m i s t r y .  R e a c t io n  b e tw e e n  u r e a  and th e  d io x im e  of 
c y c l o h e x a n e - 1, 2 -d io n e  (n io x im e)  h a s  b e e n  p r o p o s e d  (S ie s t ,  1967) 
a s  a  c o l o r i m e t r i c  m e th o d  f o r  th e  d e t e r m in a t io n  of u r e a  c o n c e n t r a t i o n s  
in  b io lo g ic a l  f lu id s .  F r o m  th e  w o rk  d e s c r ib e d  ab o v e  we c o n c lu d e  
th a t  th e  a n a l y t i c a l  r e a c t i o n  in v o lv e s  h y d r o ly s i s  of th e  d io x im e  to  
c y c l o h e x a n e - 1, 2 -d io n e  and  r e a c t io n  w ith  u r e a  to  fo rm (5 5 b ) .  
P ro to n a t io n ,  and l o s s  of w a t e r  g iv e s  th e  c o lo u re d  t e t r a c a t l o n  (56b) 
and th i s  i s  th e  c h r o m o p h o r e .  T h e  c o lo u r  d e v e lo p e d  d e p e n d s  upon  
th e  a c id i ty ,  th e  t e m p e r a t u r e ,  and th e  t i m e  of h e a t in g .  In  th e  w o r d s  
of th e  o r ig in a l  r e p o r t  (S ie s t ,  1967) " T h e  c o lo u r  i s  in t e n s e  a t  the  
s t a r t ,  w hen  v io le t .  T h e n  c h a n g e s  s lo w ly ,  go ing  b lu e  to  g r e e n " .
T h e  la c k  of c o lo u r  s ta b i l i t y  h a s  p r o b a b ly  b e e n  r e s p o n s i b l e  f o r  the  
in f r e q u e n t  u s e  m a d e  of th e  p r o c e d u r e .  O th e r w is e  i t  d o e s  h a v e  a 
n u m b e r  of a d v a n ta g e s  o v e r  th e  u s e  of d ia c e ty l  m o n o x im e .  W e 
s u g g e s t  th a t  th e  c h a n g in g  c o l o u r s  d e s c r ib e d  by  S ie s t  (1967) a r e  due 
to  d e p ro to n a t io n  of (56b). to  g ive  m o l e c u l e s  c o n ta in in g  one , tw o , 
t h r e e  and  f o u r  d o u b le  b o n d s .  T h e  f in a l  p r o d u c t  i s  (57b).
E lu c id a t io n  of th e  c h e m i s t r y  in v o lv e d  in  t h e s e  c o lo u r  c h a n g e s  
d o e s  n o t  i m m e d i a t e l y  s u g g e s t  a w ay  of im p r o v in g  th e  r e a c t io n
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a s  an  a n a l y t i c a l  p r o c e d u r e .
R e a c t io n  of 1 - m e t h y l u r e a  w ith  c y c l o h e x a n e - 1, 2 -d io n e  a l s o  
g iv e s  an in t e n s e  b lu e  c o l o r a t io n  s i m i l a r  to  th a t  a s  d e s c r i b e d  
in  th e  c a s e  of u r e a  and  1, 3 - d i m e t h y l u r e a .  B u t ,  th e  p a s t  
e x p e r i e n c e  on  r e a c t i o n s  of o f-d ik e to n es  w ith  1 - m e t h y l u r e a  
r e f l e c t s  th a t  r e a c t i o n  c a n  ta k e  p la c e  le a d in g  to  p r o d u c t s ,  w h ich  
a r e  a n a lo g o u s  to  (55 ),  w ith  a n u m b e r  of i s o m e r s  p e r t a in in g  to 
the  p o s i t i o n s  of N - m e th y l  g ro u p .  H o w e v e r ,  we do no t th in k  
th a t  i t  w il l  r e m a i n  w o r th w h i le  to  p r o c e e d  f u r t h e r  w ith  1 - m e th y lu r e a .
W e c a n  now c o m p a r e  the r e a c t i o n s  of c y c lo h e x a n e -  1, 2 -d io n e  
w ith  a  n o n - c y c l i c  a n a lo g u e ,  d i a c e ty l .  T h e  l a t t e r  r e a c t s  w ith  
u r e a  to  g iv e ,  in i t i a l l y ,  th e  b ic y c l i c  co m p o u n d  (2 8). M o d e ls  
in d ic a te  th a t  th e  e q u iv a le n t  c o m p o u n d  f r o m  c y c l o h e x a n e - 1 , 2 -d io n e  
i s  so c ro w d e d  a s  to  r e s i s t  f o r m a t io n .  T h e  r e a c t io n ,  t h e r e f o r e ,  
t a k e s  a  d i f f e r e n t  c o u r s e  and th e  m u c h  l e s s  c ro w d e d  c o m p o u n d  (56) 
i s  f o r m e d .  T h e  m e c h a n i s m  f o r  th e  f o r m a t io n  of (5 6 a -b )  i s  q u i te  
s t r a i g h t  f o r w a r d :  p ro  to  n a t io n  of th e  k e to -  g ro u p  and  a t t a c k  of the  
c a t io n ic  c e n t r e  th u s  c r e a t e d  b y  th e  n u c le o p h i le  u r e a  (S c h e m e  11).
D ia c e ty l  and  1, 3 - d i m e t h y l u r e a  r e a c t  to  g ive  th e  u n e x p e c te d  
p r o d u c t  (33d) and  r e a c t io n  in v o lv e s  l o s s  of a  m e th y l  g ro u p .  A 
p a r a l l e l  r e a c t i o n  w ith  a  c y c l ic  d ik e to n e  i s  n o t  p o s s i b l e  and  so th e  
p r o d u c t  i s  a n a lo g o u s  to  th a t  o b ta in e d  on r e a c t i o n  w ith  u r e a .
N ow, we tu r n  to  the  r e a c t i o n s  of 2 - im id a z o l id in o n e  (58) w ith  
cir-diketone s . T h i s  c o m p o u n d  (58) i s  so  c l o s e l y  r e l a t e d  to  
1, 3 - d im e th y l u r e a  th a t  we h o p ed  i t  m ig h t  r e a c t  in  a  s i m i l a r  m a n n e r  
to  g ive  a  n u m b e r  of u n u s u a l  p o ly c y c l ie  c o m p o u n d s .  In  th i s  we 




and (58) a p p e a r s  to  b e  p o l y m e r i c .  T h e  m a s s  s p e c t r u m  w as  
ty p i c a l  f o r  th a t  of a  p o l y m e r  w ith  th e  p e a k  of h ig h e s t  m / e  v a lu e  
at 264 ,  A t low  io n i s a t io n  the  p e a k  a t  m / e  34 8 w a s  o b s e r v e d .
In  th e  i r  s p e c t r u m  t h e r e  w a s  no  s ig n  of an y  h y d ro x y l  g r o u p s .
T h e  p ro to n  n m r  s p e c t r u m  in d ic a te d  th e  p e r s i s t e n c e  of m e th y l  
and N - m e th y le n e  g roups  in  th e  p r o d u c t  bu t th e  r a t i o  of in t e g r a t i o n s  
i s  1:2, r a t h e r  th a n  3:2 a s  w ou ld  be  e x p e c te d  f o r  m a t e r i a l  f o r m e d  
f r o m  e q u a l  n u m b e r s  of m o l e c u l e s  of d ia c e ty l  and  (58), We a r e  
u n a b le  to  d e d u c e  a  s t r u c t u r e  f o r  th i s  po lysm er.
T h e r e  wa:s s o m e  e v id e n c e  of r e a c t i o n  b e tw e e n  1 - p h e n y l - 
p r o p a n e - 1, 2 -d io n e  and  2 - im id a z o l id in o n e  (58) took  p la c e  bu t a n  
i n t r a c t a b l e  t a r  w a s  o b ta in e d .
T h e  f in a l  e x p e r i m e n t  in  t h i s  s e r i e s  w a s  the  r e a c t io n  of a 
c y c l ic  a - d ik e to n e ,  i e ,  c y c l o h e x a n e - 1, 2 -d io n e  and  (58 ) ,  No t a r  
f o r m e d  and a l ig h t  b r o w n is h  c r y s t a l l i n e  p r o d u c t  w a s  o b ta in e d .
On h e a t in g  th e  p r o d u c t  w a t e r  w a s  e v o lv ed  b e f o r e  th e  m a t e r i a l
m e l t e d .  T h e  p e a k  a t  h ig h e s t  m / e  in  the  m a s s  s p e c t r u m  w a s  a t
274, w h ic h  i s  n o t  e a s y  to  a c c o m m o d a te .  T h e  i r  s p e c t r u m  in d ic a te d
the  p r e s e n c e  of h y d ro x y  and  c a r b o n y l  g r o u p s .  T h e  p ro to n  n m r
s p e c t r u m  s u g g e s te d  th e  p r e s e n c e  of h y d ro x y  p r o t o n s ,  N - m e th y le n e
p ro to n s ,  and c y c lo h e x a n e  p r o to n s  in  th e  r a t i o  1:2:4 a n d ,  on  th e  b a s i s
of th i s  s p e c t r u m ,  w e p r o p o s e  s t r u c t u r e  (59), T h e  n u m b e r  of
p o s s i b le  s t e r e o i s o m e r s  of (59) m a k e s  th e  carbon-13  n m r  s p e c t r u m  c o m p le x .
H o w e v e r ,  in  th e  s p e c t r u m  t h e r e  i s  e v id e n c e  f o r  f o u r  d i f f e r e n t
ty p e s  of c a r b o n  a t o m s  in  th e  m o le c u le :  r in g  m e th y le n e  g ro u p s ,





th e  s p e c t r u m  i s  to o  c o m p le x  to  c o n f i r m  th e  p r o p o s e d  s t r u c t u r e ,  
yet t h e r e  i s  n o th in g  in  i t  w h ich  i s  in c o n s i s t e n t .
C o m p o u n d  (59) d o e s  n o t  g ive  i n t e n s e  c o l o u r s  in  a c id  s o lu t io n .
T h e  n i t r o g e n - t o - n i t r o g e n  b r i d g e  e n f o r c e s  a s t e r e o c h e m i s t r y  
abou t n i t r o g e n  th a t  m a k e s  f o r m a t io n  of p o s i t i v e ly  c h a r g e d  n i t r o g e n ,  
a s  in  (56)^i m p o s s i b l e .
T h e  d i f f e r e n c e  in  th e  r e a c t i v i t y  of 2 - im id a z o l id in o n e  (5 8) 
and 1, 3 - d im e th y l u r e a  i s  q u i te  s t r a n g e ,  S t e r i c  c ro w d in g  shou ld  
be s l ig h t  fo r  (58) and  w e e x p e c te d  i t  to  r e a c t  w ith  d ia c e ty l  and
Il^ p h e n y lp r o p a n e -  1, 2 - d io n e  in  th e  s a m e  w ay  to  g ive  th e  d io l  (60), 
a n a lo g o u s  to  (37), w h ich  shou ld  th e n  c o n d e n s e  t h e m s e l v e s  to  g ive  iIp r o d u c t s  s i m i l a r  to  (33) and (41 ),  T h e  f a c t  th a t  th i s  d o e s  n o t '
o c c u r  i s  d if f ic u l t  to  e x p la in .  T h e  d io l  (60) i s  n o t  p a r t i c u l a r l y
s t r a i n e d  and so f o r m a t i o n  i s  n o t  u n f a v o u r a b le .  H o w e v e r ,  w e I
h a v e  found th a t  2 - im id a z o l id in o n e  r e a d i ly  f o r m s  p o ly m e r ic  
m a t e r i a l s ,  w h ic h  w i l l  be  d i s c u s s e d  in  th e  n ex t  C h a p t e r ,  T h e  
l a r g e  r in g  in  (59) m a y  m a k e  i t s  f o r m a t io n  o c c u r  w ith  an  e a s e  






E X P E R IM E N T A L
a) U r e a  - A m i x t u r e  of d ia c e ty l  ( 8 .6  g) and u r e a  (1 2 .0  g) in  b e n z e n e  
(50 m l)  and T E A  (5 m l)  w a s  re f lu x e d  f o r  a b o u t 2 h  a t  9 0 ° ,  T h e  
w a te r  f o r m e d  d u r in g  th e  r e a c t i o n  w a s  r e m o v e d  by  a z e o t r o p ic  
d i s t i l l a t i o n .  O n c o m p le t io n ,  the  c o n te n ts  of th e  f l a s k  w e r e  c o o le d  
dow n and an e x c e s s  of m e th a n o l  w a s  added  w ith  c o n s ta n t  s t i r r i n g .
A w h ite  so l id ,  c o n ta m in a te d  by a  d e e p  p u rp le  gu m , s e t t l e d  o u t .
I t  w a s  f i l t e r e d ,  th e  r e s id u e  w a s  w a s h e d  w ith  m e th a n o l  and  th e n  w a t e r .  
I t  w a s  r e c r y s t a l l i s e d  f r o m  h o t DMSG and f in a l ly  w a s h e d  w ith  a c e to n e .  
W hen  d r i e d ,  i t  had  m .  p .  34 8 ° .  ' 3a, 7 a - d i m e t h y l t e t r a h y d r o -
im id a z o (4 ,  5 ?d ) i m i d a z o l e - 2 , 5 -d io n e  (28a).
T h e  s a m e  p r o d u c t  w a s  a l s o  o b ta in e d  w hen  a m i x t u r e  of d ia c e ty l  
and  u r e a  in  e th a n o l  s a t u r a t e d  w ith  H C l g a s  w a s  a l lo w e d  to  s ta n d  
o v e r n ig h t .  T h e  so l id  w a s  f i l t e r e d  off and r e c r y s t a l l i s e d  a s  d e s c r i b e d  
ab o v e .
T h e  a z e o t r o p ic  d i s t i l l a t i o n  te c h n iq u e  a s  d e s c r i b e d  ab o v e  w a s  
u s e d  th ro u g h o u t .
b) A m i x t u r e  of u r e a  (3g) and 1 - p h e n y lp ro p a n e -  1, 2 - d io n e  (2 m l)  w a s  
re f lu x e d  f o r  1 h .  A n  e x c e s s  of m e th a n o l  w a s  ad d e d  to  th e  c o n te n ts  
of th e  f l a s k  and th e  p r e c i p i t a t e  f i l t e r e d  off. T h e  m a t e r i a l  w as  
d i s s o lv e d  in  h o t  DMSG and b r o u g h t  out of so lu t io n  by  a d d i t io n  of 
m e th a n o l .  A f te r  f i l t r a t i o n  th e  m a t e r i a l  w a s  w a s h e d  w ith  a c e to n e
to  g ive  3 a - m e t h y l - 4 a - p h e n y l t e t r a h y d r o i m i d a z o l  £4 , 5 -d  | im id a z o le -  
2, 5 -d io n e  (2 8 b ) .
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A f te r  i s o l a t i o n  of p r e c i p i t a t e  a t  th e  f i r s t  s ta g e  th e  highly- 
c o lo u re d  m e th a n o l  f i l t r a t e  w as  r e d u c e d  in  v o lu m e  and  an  e x c e s s  
of a c e to n e  ad d ed  to  i t .  A w h ite  so lid  s e t t l e d  o u t,  w a sh e d  w ith  
m e th a n o l  and  r e c r y s t a l l i s e d  a s  d e s c r i b e d  a b o v e .  W hen  d r i e d  i t  
had  m .  p .  310° 4 ,  4 '~ m e th y le n e b i s ( 5 - p h e n y l - 4 ~ im id a z o l in - 2 - o n e )
(33h).
c) 1 - M e th y l u r e a  - T h e  r e a c t i o n  t i m e  fo r  1 - m e t h y l u r e a  ( 0 .2  m o le )
and b u ta n e - 2 ,  3 -d io n e  (0 .1  m o le )  w a s  2 h . A f te r  r e m o v a l  of
:b e n z e n e  and T F A  m e th a n o l  w a s  ad d ed  to  th e  r e s i d u e  and  th e  w h ite  
so lid  f i l t e r e d  off.  T h e  f i l t r a t e  w a s  d eep  o r a n g e .  T h e  so lid  w as  
r e c r y s t a l l i s e d  f r o m  DMSO and  w a s h e d  w ith  a c e to n e  to  g ive  a 
m i x t u r e  of 1 ,4 ,  3a ,  7 a - t e t r a m e t h y l t e t r a h y d r o i m i d a z o - ( 4  , 5 - jd ) im id a z o le -
2 ,5 - d i o n e  (28c) and 1, 6, 3a ,  7 a - t e t r a m e t h y l t e t r a h y d r o i m i d a z o ( 4  , 5 -d ) -  
i m i d a z o l e - 2 , 5 - d io n e  (28d).
d) A m i x tu r e  of 1 - m e t h y l u r e a  (3g) and 1- p h e n y l p r o p a n e - 1, 2 -d io n e  
(2 m l)  w a s  r e f lu x e d  f o r  4 h .  A f te r  k e e p in g  o v e rn ig h t  u n ch an g e d
1 - m e t h y lu r e a  w a s  f i l t e r e d  off and  the b e n z e n e  r e m o v e d  by  e v a p o r a t io n .
The  r e s id u e  w a s  p u t  on to  a n  a lu m in a  c o lu m n  and e lu te d  w ith  c h l o r o f o r m .
A f t e r  r e m o v a l  of th e  so lv e n t  an  o r a n g e  liq u id  r e m a in e d  w h ic h  d e p o s i te d
■■■?c r y s t a l s  by a d d i t io n  of a c e to n e  and  s ta n d in g .  T h e  m a t e r i a l  w a s  
r e c r y s t a l l i s e d  f r o m  m e th a n o l  to  g ive  a m i x tu r e  of 4 , 4 ' - m e t h y l e n e b i s -  
(1 - m e th y l -  5 - p h e n y l - 4 - im id a z o l in - 2 - o n e )  (33a) and  4, 4 ' - m e t h y l e n e b i s -  
( 3 - m e t h y l - 5 - p h e n y l - 4 - i m i d a z o l i n - 2 - o n e  (3 3 b ) .
T h e  v a p o u r s  f r o m  th e  r e a c t i o n  m i x t u r e  w e r e  p a s s e d  t h r o u g h  a  
co ld  t r a p  and  th e n  th r o u g h  b a r y t a  w a t e r ,  w h ich  tu r n e d  m i lk y .  T h e
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above  p r e p a r a t i o n  w a s  r e p e a t e d  w i th  the  r e a c t a n t s  a t  r o o m  
t e m p e r a t u r e  and  a l lo w e d  to s tand  o v e r n i g h t  to  s e e  if w e  cou ld  
i s o l a t e  an  i n t e r m e d i a t e  b e f o r e  th e  l o s s  of C O ^ .  T h e  p r o d u c t  
w a s  wmrked up in  the  s a m e  w a y  a s  b e f o r e  and a n  i d e n t i c a l  p r o d u c t  
w a s  o b t a in e d .
T h i s  r e a c t i o n  did n o t  g ive  any  p r o d u c t  l ik e  (28e) and  (28f) .
e) 1, 3 - D i m e t h y l u r e a  - B u t a n e - 2,  3 -d io n e  (5 ml)  and  1, 3 - d i m e t h y l u r e a  
(8, 8 g) w e r e  a l lo w ed  to r e a c t  u n d e r  r e f lu x  f o r  4 0 m i n u t e s ,  the  
b e n z e n e  and T F A  r e m o v e d  by e v a p o r a t i o n ,  and  th e  r e s i d u e  p u r i f i e d  
by e lu t io n  f r o m  a n  a l u m i n a  c o l u m n  (type H) w i th  c h l o r o f o r m .
R e m o v a l  of c h l o r o f o r m  le f t  a  gum  w h ic h  c r y s t a l l i s e d  on s tan d in g
and th e  p r o d u c t  w a s  r e c r y s t a l l i s e d  f r o m  m e t h a n o l  to  g ive 
4,  4 ' - m e t h y l e n e b i s ( 1, 3, 5 - t r i m i e t h y l - 4 - i m i d a z o l i n - 2 - o n e )  (33d) .
C O 2 w a s  p r e c i p i t a t e d  a s  BaCO ^  w hen  the  r e a c t i o n  v a p o u r s  w e r e  
p a s s e d  t h r o u g h  b a r y t a  w a t e r ,
f) T h e  r e a c t i o n  t i m e  f o r  1- p h e n y l p r o p a n e - 1, 2 - d io n e  (2 ml)  and
1, 3 - d i m e t h y l u r e a  (3 g) w a s  4 h .  B e n z e n e  w a s  r e m o v e d  by e v a p o r a t i o n  
to  l e a v e  a p u r p l e  s y r u p .  T h i s  w a s  pu t  onto a n  a l u m i n a  c o l u m n  and  
e lu ted  wi th  c h l o r o f o r m .  R e m o v a l  of the so lv e n t  l e f t  an  o r a n g e  l iqu id  
w h ich ,  on s t a n d in g ,  d e p o s i t e d  c r y s t a l s .  T h e  c r y s t a l s  w e r e  w a s h e d  
w i th  e th y l  a c e t a t e  and r e c r y s t a l l i s e d  f r o m  a c e t o n e  to give 1, 3 - d i m  e thy l  • 
2 - 0 X 0 -  5 - p h e n y l t e t r a h y d r o i m i d a z o l e - 4 -  s p i r o - 4  (1 ' ,  3' - d i m e t h y l t e t r a -  
h y d r  o im i d a z  ole - 2 ' - one) (41).
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g) T h e  r e a c t i o n  t i m e  f o r  1, 3 - d i e t h y l u r e a  w a s  1 . 6  h .  T h e  
b e n z e n e  w a s  r e m o v e d  and t h e  r e s i d u e  pu t  onto a n  a l u m i n a  c o l u m n  
(type H) and  e lu ted  w i th  e thy l  a c e t a t e .  R e m o v a l  of th e  so lv e n t  l e f t  
a  y e l lo w  l iqu id  and ad d i t io n  of e t h e r  p r o d u c e d  a s o l id .  T h e  so l id  
w a s  f i l t e r e d  off and  w a s h e d  w i th  e t h e r  to g ive  c r y s t a l s  of 1, 3 - d i e t h y l -
2 - 0 X 0 - 5- p h e n y l t e t r a h y d r o i m i d a z o l e - 4 -  s p i r o - 4  ' - (1  ' ,  3 ' - d i e t h y l t e t r a -  
h y d r o i m i d a z o l e  —2 ' -o n e )  (46).
h) T h e  f i l t r a t e ,  a f t e r  th e  r e m o v a l  of (2 8c~d), w a s  r e d u c e d ,  c o o le d  
and d i lu ted  w i th  a c e t o n e . A c r e a m  solid  w a s  o b t a in e d  w h i le  an y  
u n r e a c t e d  m e t h y l u r e a  and  d i a c e t y l  r e m a i n e d  in  a c e t o n e .  I t  w a s  
f i l t e r e d  off,  d i s s o l v e d  in m e t h a n o l  and  n e u t r a l i s e d  w i th  l iq u id  a m m o n i a .  
T h e  so l id  w a s  b r o u g h t  ou t  by  the  ad d i t io n  of e x c e s s  a c e t o n e .  I t  w a s  
t r e a t e d  w i th  m e t h a n o l ,  N H ^ C l  r e m a i n e d  sol id  w h i le  th e  m a t e r i a l  
r e s p o n s i b l e  f o r  c o l o u r  w e n t  in to  m e t h a n o l .  On s o lv e n t  e v a p o r a t i o n  
and d i lu t io n  w i th  a c e t o n e  gave  (4 8 a - b ) , f i l t e r e d  off u n d e r  d r y  
n i t r o g e n  o r  in  c o m p l e t e  v a c u u m .
i) R e p e t i t i o n  of the  i s o l a t i o n  p r o c e d u r e  d e s c r i b e d  a b o v e  
y ie ld e d  (4 8d) f r o m  th e  r e a c t i o n  of  u r e a  and  b u t a n e - 2 , 3 - d i o n e .
E f f e c t  of i o n s  on  d i a c e t y l - u r e a  r e a c t i o n
i) a .  C o m p o u n d  (33d) (200 mg)  w a s  d i s s o l v e d  in m e t h a n o l  (100 m l ) .  
F i v e  t e s t  t u b e s  w e r e  t a k e n  e a c h  c o n t a in in g  10 m l  s o lu t i o n  of (33d) .
In  f o u r  t e s t  t u b e s ,  a q u e o u s  s o lu t i o n s  of N a^SO ^,  N a ^ P O ^ ,  FeS O ^  and 
F e C l ^  w e r e  a d d e d ,  b u t  th e  c o l o u r  r e m a i n e d  the  s a m e  a s  in  the f i f th ,
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b la n k  tu b e ,  e v e n  on  k e e p i n g  t h e  s o lu t i o n  o v e r n i g h t .  H o w e v e r ,  
on ad d i t io n  of a c i d ,  c o l o u r  a p p e a r e d  i m m e d i a t e l y  and  i n t e n s i f i e d  
w i th  the  p a s s a g e  of t i m e .  T h i s  i n t e n s i f i c a t i o n  w a s  v e r y ' r a p i d  
w hen  a i r  w a s  b lo w n  th r o u g h  the  s o lu t io n .  T h e  a d d i t io n  of 
a s c o r b i c  a c i d ,  a  r a d i c a l  t r a p ,  did  no t  show any  c h a n g e .
i) b .  U r e a  (25 mg)  w a s  d i s s o l v e d  in  w a t e r  (100 m l ) .  One d r o p  
of d i a c e t y l  w a s  ad d ed  to 10 m l  of t h i s  s o lu t io n  bu t  no  c o l o u r  f o r m a t i o n  
took  p l a c e ,  e v e n  in  t h e  p r e s e n c e  of the  c a t i o n s  and a n i o n s  m e n t i o n e d  
ab o v e .  B u t  on  a dd ing  c o n c .  H ^SO ^,  in  the  p r e s e n c e  a s  w e l l  a s  in  
the  a b s e n c e  of t h e s e  i o n s ,  c o l o u r  a p p e a r e d .  W h e n  n o r m a l  w a t e r  
w a s  r e p l a c e d  b y  d e o x y g e n a te d  w a t e r  (N^ g a s  w a s  b u b b le d  t h r o u g h  
w a t e r  f o r  4 h) w e  o b s e r v e d  the  s a m e  effec t  a s  d e s c r i b e d  a b o v e ,
i) c .  In a n o t h e r  e x p e r i m e n t ,  h y d ro q u in o n e  so lu t io n  (d i s s o lv e d  
in a q u e o u s  m e t h a n o l )  w a s  a d d e d  to th e  a q u e o u s  s o lu t io n  of  u r e a  (10 m l)  
c o n t a i n i n g  a few  d r o p s  of d i a c e t y l .  On  add ing  c o n c ,  H ^ S O ^ , no  
c o l o r a t i o n  a p p e a r e d .  A f t e r  h a l f  an  h o u r  a s l i g h t ly  ye l low  c o l o u r  
d e v e lo p e d ,  bu t  in  b lank  e x p e r i m e n t  (w ithou t  h y d ro q u in o n e )  t h e r e  
w a s  an  i n t e n s e  go lden  c o l o u r .
In  a l l  the  above  e x p e r i m e n t s ,  the  i n t e n s i t y  of y e l lo w  c o l o u r  v a r i e d  
w i th  the  s t r e n g t h  of  a c i d .
i) d.  C o m p o u n d  (28a) w a s  d i s s o l v e d  in c o n c .  H ^ S O ^ . On  w a r m i n g  
i t  gave  go lden  c o l o r a t i o n  and th e  so lu t io n  a b s o r b e d  a t  the s a m e  
w a v e le n g th  a s  the  s o lu t io n  r e s u l t i n g  f r o m  d i a c e t y l - u r e a  r e a c t i o n .
O t h e r  c o m p o u n d s  (28b-h)  w h ic h  a r e  a n a l o g u e s  of  (28a) a l s o  
ex h ib i t e d  the  s a m e  e f f e c t .
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j) A c e t o i n  (5 m l ) ,  u r e a  (3 g) and  T F A  (3 m l )  w e r e  r e f lu x e d
in  b e n z e n e  f o r  4 h .  On c o o l in g  a w h i t e  so l id  s e p a r a t e d  and  the  
c r y s t a l s  of 4 , 5 - d i m e t h y l - 4  - i m i d a z o l i n -  2 - one (50a) w e r e  w a s h e d  
w i th  a c e t o n e ,  m . p .  29 0 °  ( d e c o m p . )  ( l i t ,  290°  ( d e c . ) .  B l i t z ,  1907).
k) T h e  r e a c t i o n  t i m e  f o r  1 - m e t h y l u r e a  ( 3 . 7 8  g) and  a c e t o i n
(5 m l)  w a s  3 h .  B e n z e n e  w a s  r e m o v e d  and  f l a s k  c o n t e n t s  w e r e  pu t  
on to  a l u m i n a  c o l u m n  (type H) and  e lu te d  w i th  c h l o r o f o r m .  R e m o v a l  
of t h e  so lv e n t  l e f t  a  w h i t e  so l id  c o n t a m i n a t e d  w i th  g u m .  I t  w a s  
r e m o v e d  w i th  a c e t o n e  and  r e c r y s t a l l i s e d  f r o m  c h l o r o f o r m ,  gave  
1 , 4 ,  5 - t r i m e t h y l - 4 -  i m i d a z o l i n - 2 - one (5 0 b ) , m . p ,  1 85° .
1) A s i m i l a r  r e a c t i o n  w i th  p r o p i o n o i n  and  u r e a  gave  a g u m  on
s o lv e n t  e v a p o r a t i o n .  I t  w a s  pu t  on to  a l u m i n a  o x id e  c o l u m n  and  
e lu te d  w i th  c h l o r o f o r m  and  a c e t o n e .  T h e  a c e t o n e  e x t r a c t i o n  on  
s o lv e n t  r e m o v a l  gave  a  y e l lo w  l i q u id ,  f r o m  w h ic h  a w h i t e  so l id  w a s  
p r e c i p i t a t e d  by  th e  a d d i t i o n  of a n  e x c e s s  a c e t o n e .  T h e  s o l i d , w a s  
w a s h e d  w i th  a c e t o n e  and  t h e n  e t h e r ,  gave  4,  5 - d i e t h y l - 4 - i m i d a z o l i n -  
2 - o n e  ( 5 0 c ) , m . p .  2 8 4 ° ,
m) A m i x t u r e  of p h e n y l a c e t y l c a r b i n o l  (2 m l )  an d  u r e a  (2 g) w a s
r e f l u x e d  f o r  3h w i th  r e m o v a l  of w a t e r .  A f t e r  s o l v e n t  e v a p o r a t i o n ,  
the  f l a s k  c o n t e n t s  w e r e  t r e a t e d  b y  c o l u m n  c h r o m a t o g r a p h y .  E l u t i o n  
w i th  m e t h a n o l  g a v e  4 - m e t h y l - 5 - p h e n y l - 4 - i m i d a z o l i n - 2 - o n e  (5 0 d ) . 
A f t e r  w a s h i n g  w i th  w a t e r  and  e t h e r ,  i t  had  m . p .  29 0 °  ( d e c o m p . )
( l i t ,  28 5 °  ( d e c ) ,  B e h r - B r e g o w s k i ,  1897).
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n) S i m i l a r l y ,  w i th  1 - m e t h y l u r e a  and p h e n y l a c e t y l c a r b i n o l  th e
p r o d u c t  i s  1, 4 - d i m e t h y l - 5 - p h e n y l -4-im idazo l in -Z -  one  ( 5 0 e ) , rrup, 170° ,
p) B e n z o i n  ( 4 . 2 5  g) and u r e a  (3 g) in b e n z e n e  (50 m l )  and T F A
(5 ml)  w e r e  r e f l u x e d  f o r  6 h a t  90°  w i th  c o n t in u o u s  r e m o v a l  of w a t e r .  
T h e  s o lv e n t  w a s  s t r i p p e d  off,  l e a v in g  b eh ind  a w h i t e  so l id  w h ich  w a s  
w a s h e d  w i th  w a t e r ,  c h l o r o f o r m  and  f in a l ly  w i th  e t h e r ,  3a ,  7 a - d i p h e n y l -  
t e t r a h y d r o i m i d a z o  [4, 5 - d ] i m i d a z o l e - 2 ,  5 - d io n e  (28 g ) , m . p .  352° .
q) S i m i l a r l y ,  t h e  r e a c t i o n  of b e n z o i n  and  1 - m e t h y l u r e a  gave  a
m i x t u r e  of 1, 6 - d i m e t h y l - 3 a ,  7 a - d i p h e n y l t e t r a h y d r o i m i d a z o  £4, 5 - d  (- 
i m i d a z o l e - 2 ,  5 - d io n e  (28h) and 1- m e t h y l - 4 , 5 - d i p h e n y l - 4 - i m i d a z o l i n -  
2 -o n e  (50f) ,  m ,p . ,  196°  (not  s h a r p ) .
C o m p o u n d  (28h) i s  a v e r y  m i n o r  p r o d u c t  d i f f i cu l t  to s e p a r a t e  
f r o m  (50f) .
r) 1, 5 - D i p h e n y l - 2, 4 - d i h y d r o x y p e n t a n e - 1, 5 - d io n e  (52).  I t  w a s  
p r e p a r e d  by h y d r o l y s i s  of 1, 5 - d i p h e n y l - 2 ,  4 - d i b r o m o p e n t a n e - 1, 5-  
d ione  (51).  T h e  d i b r o m i d e  w a s  s y n t h e s i s e d  f r o m  1, 5 - d i p h e n y l p e n t a n e  
1, 5 - d io n e  ( F r a n c i s  and  M i c h i e ,  1901) by  u s i n g  th e  m e th o d  of C o w p e r  
and  D a v i d s o n  (1939) .  T h e  d i b r o m i d e  (1 2 .3  g) an d  s i l v e r  ox ide  ( 7 .5  g) 
in  7 0% a q u e o u s  a c e to n e  w e r e  s t i r r e d  at  r o o m  t e m p e r a t u r e  f o r  1 h 
and a f t e r  t h a t  r e f l u x e d  f o r  two h .  S i lv e r  ox ide  w a s  f i l t e r e d  off and  
the a c e to n e  r e m o v e d  l e a v in g  b e h in d  a w h i te  so l id  in  w a t e r .  T h e  w h i te  
so l id  w a s  f i l t e r e d  off ,  d i s s o l v e d  in  a c e to n e  and  a l lo w e d  to  s tan d  f o r  
s o m e  t i m e ,  and gave  b e a u t i f u l  w h i te  c r y s t a l s  of 1 , 5 - d i p h e n y l - 2, 4 - 
d i h y d r o x y p e n t a n e - 1, 5 - d i o n e  (5 2 ) , m . p ,  144° ,  T h e  f i l t r a t e  on
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s o lv e n t  e v a p o r a t i o n  y ie ld e d  a g r e e n i s h  ye l low  s o l id ,  a f t e r  w a s h in g  
w i th  e t h e r  and  d r y i n g  had  m . p .  2 4 4 ° ,  1 , 4 - d i b e n z o y l - 2 H - o x e t e  (53).
R e a c t i o n s  of c y c l o h e x a n e - 1, 2 - d i o n e
s) W i th  1, 3 - d i m e t h y l u r e a  - A f t e r  r e f lu x i n g  f o r  3 h  b e n z e n e  w a s  
r e m o v e d  to  l e a v e  a v i s c o u s  l i q u id .  T h i s  w a s  p u r i f i e d  by c o l u m n  
c h r o m a t o g r a p h y  ( b a s i c  a lu m in a )  and  e lu ted  w i th  a c e t o n i t r i l e  and 
e t h a n o l .  T h e  f i r s t  e l u a n t  con ta i  ned  u n r e a c t e d  c y c l o h e x a n e - 1, 2-  
d ione ,  w hi le  the  s e c o n d ,  a f t e r  r e m o v a l  of s o lv e n t ,  y i e ld e d  a y e l lo w  
l iq u id .  A s o lu t io n  of  t h i s  in  e th a n o l  w a s  p o u r e d  in to  p e t r o l  w i th  
v i g o r o u s  s t i r r i n g  and  a w h i t e  p r e c i p i t a t e  f o r m e d . A f t e r  f i l t r a t i o n  
the  m a t e r i a l  (55a) w a s  w a s h e d  w i th  e t h e r  and d r i e d .
F o r  the  s p e c t r a l  s tudy  of a c i d  s o lu t io n s  of (55a) e q u a l  v o l u m e s  
of a  0.  1 M a q u e o u s  s o lu t io n  of (55a) and  a q u e o u s  H G l  w e r e  m i x e d  
and t h e  s p e c t r u m  r e c o r d e d  i m m e d i a t e l y  on a U n i c a m  S P 800  
s p e c t r o p h o t o m e t e r .  T h e  c o n c e n t r a t i o n  of the  c o l o u r e d  s p e c i e s  
w a s  m e a s u r e d  by  th e  a b s o r b a n c e  of the  s o lu t io n  a t  580 n m  in  a c e l l  
of 1 m m  p a t h  l e n g th .  A c id i ty  f u n c t io n  d a t a  w e r e  t h o s e  of P a u l  and  
L o n g  (1957) (H^) and  A r n e t t  and M a r c h  (1966) ( H ^ ) ,
t) W i th  u r e a  - T h e  a b o v e  p r o c e d u r e  w a s  r e p e a t e d  u s i n g  u r e a  in  
p l a c e  of 1, 3 - d i m e t h y l u r e a ,  A f t e r  r e f lu x i n g  f o r  2 h,  the  r e a c t i o n  
m i x t u r e  w a s  c o o l e d  and a  l a r g e  v o lu m e  of a c e t o n e  a d d e d .  T he  w h i te  
p r e c i p i t a t e  w a s  f i l t e r e d  off,  w a s h e d  w i th  w a t e r ,  a c e t o n e  and  e t h e r  
to give (55b) a s  w h i t e  p o w d e r .
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T h e  f i l t r a t e  w a s  d e e p  p u r p l e  and ad d i t io n  of e t h e r  p r o d u c e d  
a  v io l e t  s o l id .  T h i s  a p p e a r s  to b e  a m i x t u r e  an d  w e  w e r e  u n a b le  
to  c h a r a c t e r i s e  i t  w i th  c e r t a i n t y .  In  the  c a r b o n - 13 n m r  s p e c t r u m  
t h e r e  w e r e  p e a k s  at  8 1 3 2 . 7 ,  1 3 7 .5  and 1 4 9 .2  p p m ,  in  a d d i t i o n  to
3sp h y b r i d i s e d  c a r b o n s  and c a r b o n y l  c a r b o n s .  T h i s  i s  c o n s i s t e n t  
w i th  f o r m a t i o n  of o le f in ic  doub le  b o n d s  a s  in  (57b).
u) W i th  2 - i m i d a z o l i d i n o n e  - A f t e r  r e f lu x in g  f o r  3 h the  c o n t e n t s  
of th e  f l a s k  w e r e  c o o le d  and  p e t r o l  ad d ed  w i th  s t i r r i n g .  T h e  so l id  
w h ich  s e p a r a t e d  w a s  f i l t e r e d  off and r e c r y s t a l l i s e d  f r o m  c h l o r o f o r m  
to  g ive  w h i te  c r y s t a l s  of (59).
v) E q u a l  m o l a r  q u a n t i t i e s  of d i a c e t y l  and 2 - i m i d a z o l i d i n o n e  w e r e  
r e f l u x e d . f o r  5 h a t  90 ° .  B e n z e n e  w a s  r e m o v e d  and  th e  f l a s k  
c o n t e n t s  w e r e  c o o l e d .  I t  w a s  t r e a t e d  w i th  c o l u m n  c h r o m a t o g r a p h y  
(Al^Og) u s i n g  e th a n o l  a s  w a s h i n g  s o lv e n t .  T h e  e th a n o l  e x t r a c t i o n ,  
a f t e r  r e m o v a l  of s o lv e n t ,  w a s  p o u r e d  in to  e t h e r  w i th  v i g o r o u s  
s t i r r i n g .  A l i g h t  b r o w n i s h  s o l id  s e t t l e d  out ,  w a s h e d  w i th  e t h e r  
and d r i e d  u n d e r  r e d u c e d  p r e s s u r e ,  gave  a p o l y m e r .
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P h y s i c a l  D a ta
a) 3a,  7 a - D i m e t h y l t e t r a h y d r o i m i d a z o ( 4  , 5 - d ) i m i d a z o l e - 2, 5 - d io n e  (28a)
M . p .  3 48° ,  m / e  170 (M^),  ) ^ ^  3240 (NH),  1720 and  1670 c m "
(C =p) ,  S n  (TFA )  1 .8 0  (6H, s) and  7 . 3 0  (2H, b r o a d  s ) , 5 c (T F A )
2 1 . 8 6  (q ) , 8 0 .6 4  (s) and  1 6 4 .1 0  (s) p p m .  (Found: C ,  42.  34; H,  5 . 9 4 ;  
N,  32.  93. C^H^i^N^O^ r e q u i r e s  C ,  4 2 . 4 1 ;  H,  6 .0 1 ;  N,  3 2 . 7 3 ) .
b) 3 a - M e t h y l - 4 a - p h e n y l t e t r a h y d r o i m i d a z o l [4 , 5 -d  l i m i d a z o l e - 2 ,  5 - d io n e  
{ 2 8 ^
M . p .  348° ,  m / e  232 (m '*'), V ^(mull)  32 20-3100  (NH), 1730 and 
1680 c m " ^  (C=0), 6 h  ( [ ^ H ^ ]D M S O ,  110°), 0 .8  (3H, a), 6 .6 1  ( IH ,  s),  
6 . 9 3  ( IH ,  s) and  7 .  36 (5H, s) p p m .  ^ C ( T F A )  23 .  96,  8 2 . 3 7 ,  8 5 . 0 7 ,  
127 . 7 9 , 1 3 1 . 0 4 ,  1 3 2 , 4 1 ,  1 3 5 .3 1 ,  1 6 4 .6 4 ,  and  1 6 4 .9 3  p p m .  (Found:
C, 5 7 .0 0 ;  H ,  5 . 2 ;  N ,  2 4 . 1 5 .  G^^H^N.O requires C, 56.  95; H, 5.2;  
N, 2 4 . 1 5  .)
4,  4 ' - M e t h y l e n e b i s ( 5 - p h e n y l - 4 - i m i d a z o l i n - 2-o n e )  (33h)
M . p .  310° ,  m / e  332 (m ’*'), V 3320-3120  (N H ) , 1735 c m “ ^m a x
(C=0) ,  8H ([^H  ]DMSO) 3.75 (2H,s), 7.  25 ( lOH, s) ,  1 0 .0  ( 2 H , s ) ,  
and  10. 12 (2H, s) p p m .  ( [^H^ JDMSO) 20.  72,  114.  69, 118. 13, 
1 2 6 .1 9 ,  1 2 6 . 4 1 ,  1 2 8 . 3 4 ,  1 2 9 .8 1  and 1 5 4 .02  p p m .  (Found: C,  68.  64; 
H ,  4.79; N, 1 6 . 6 3 .  H^^N^O^ requires C, 68.  66; H,  4 . 8 5 ;  N,
16.85%.)
3 . 5 8  (2H, s),  5C(C D C 1^)  8 .41  (q), 1 9 .0 0  (t), 27.  35 (q), 112 .6 0  (s ) ,
1 1 5 .03  ( s ) ,  and 1 5 3 .5 3  (s) p p m  (Found:  C,  5 9 . 0 5 ;  H,  7 . 9 5 ;  N,  2 1 , 3 0  
^ 1 3 ^ 2 0 ^ 4 ^ 2  r e q u i r e s  C ,  5 9 . 0 7 ;  H,  7 . 6 2 ;  N, 21 .19%)
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c) 1 , 4 ,  3à,  7a  - T e t  r a m e t h y l t e t r a h y d r o i m i d a z o -  (4, 5 -d)  i m i d a z o l e -
2, 5 - d io n e  (28c) and  1, 6, 3à,  7 a - t e t r a m e t h y l t e t r a h y d r o i m i d a z o ( 4  , 5 - d ) -
i m i d a z o l e - 2 ,  5 - d i o n e  (28d)
M . p .  305° ,  m / e  198 (M"^) , V 3290 (NH) and  1730 c m ’  ^ (C=0)m a x  '
S H ( f ^ H ^ jD M S O ,  100°) 1. 39, 1 . 4 1 ,  1 . 4 9  (12H, 3s) ,  2 . 6 1  (3H, s),
2 . 7 8  (9H, s),  7 . 3 3  (3H, s) and  7 . 5 5  ( IH ,  s) p p m .  S c ( T F A )  1 6 . 2 3 ,
1 9 .0 9 ,  2 2 . 2 5 ,  2 6 . 2 5 ,  2 8 . 0 0 ,  7 8 . 5 6  (s) ,  8 2 .3 4  (s) ,  8 6 .6 2  (s) ,
1 6 2 .7 8  (s) and  163 .2 5  (s) p p m .  (Found: C ,  4 8 . 5 0 ,  H ,  7 . 3 0 ;
N, 2 8 . 2 0  . C gH ^^ N ^ O ^  r e q u i r e s  G, 4 8 . 4 7 ;  H,  7 . 1 F ,  N.  2 8 . 2 6 % . )
d) 4 , 4 ' - M e t h y l e n e b i s ( l - m e t h y l - 5 - p h e n y l - 4  - i m i d a z o l i n - 2 - o n e  (33a) and  
4 , 4 ' - M e t h y l e n e b i s ( 3 - m e t h y l - 5 - p h e n y l - 4 - i m i d a z o l i n - 2 -one)  (33b)
M . p .  290°  ( d e c o m p . ) ,  m / e  360 ^ ^ ) ,  (mul l)  3155 -3110  (N H ) ,
1680 (G=0)  and 1600 c m “  ^ (G =G), 6 H ( [^ H ^ ]D M S O )  2 . 8 2  (6H, s),
4 . 0 4  (2H, s),  and  7 . 3 0  ( l 2 H , s ) ,  S G ( [^H^ JDMSO) 1 9 . 6 6  (t), 2 6 . 6 3  (q),
114 .80  (s) ,  1 1 8 .1 0  ( s ) ,  1 2 6 .7 9 ,  1 2 8 .2 4 ,  1 2 9 . 7 4 ,  and  153 .1 3  (s) p p m .
(Found: G, 6 9 . 7 9 ;  H,  5 . 7 1 ;  N,  1 5 . 0 8 .  C H^^N^O^, r e q u i r e s  G, 69.  98;
H, 5 .5 9 ;  N,  15.54%)
e) 4 , 4 ' “M e t h y l e n e b i s (  1 , 3 ,  5 - t r i m e t h y l - 4  - i m i d a z o l i n - 2 -one)  (33d) |
,
M . p .  2 1 8 ° ,  m / e  264 (M ), )J (mul l)  1690 (G =0) and  1660 im a x   ^ ' sj
c m ”  ^ (G=G), an (G D G l^ )  1 . 9 9  (6H, s) ,  3 . 0 9  (6H, s),  3. 17 (6H, s) and  [
î
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f) 1, 3 - D i m e t h v l - 2 - o x o - 5 - p h e n v l t e t r a h v d r o i m i d a z o l e - 4 - s p i r o ~ 4 ' - 
( ! ' ,  3 ' - d i m e t h y l t e t r a h y d r o i m i d a z o l e - 2 * - o n e )  (41)
M . p .  148° ,  m / e  288 (M^) ,  (mull )  1710 c m   ^ (C=0) ,
6 H(GDCl^) 2, 6 5 - 2 . 7 9  (14H, u n r e s o l v e d  s i n g l e t s ) ,  4 . 5 3  ( IH ,  s) and 
7.  1 6 - 7 . 4  6 ( 5 H ,m )  p p m .  8G(GDG1^)  2 4 . 5 8 ,  2 4 . 7 0 ,  2 8 . 2 7 ,  2 9 . 9 0 ,
5 0 . 5 4 ,  6 6 . 4 9 ,  77 .  89, 1 2 7 .1 3 ,  1 2 8 .7 1 ,  1 3 4 .3 5 ,  and  158 .51  p p m .  i
2T h e  shif t  a t  77 .  89 p p m  w a s  o b s e r v e d  w h e n  [ H^ j a c e t o n e  w a s  u s e d  
a s  the s o lv e n t .  I n  t h i s  so lv e n t  th e  o t h e r  s h i f t s  show  v e r y  s l ig h t  
c h a n g e s  f r o m  t h o s e  q u o te d .  (Found:  G , 6 2 . 4 ;  H ,  7 . 0 5 ;  N,  19 .4  
^ 1 5 ^ 2 0 ^ 4 ^ 2  r e q u i r e s  G , 6 2 . 5 ;  H ,  7 . 0 ;  N,  19.45%)
g) 1, 3 - D i e t h y l - 2 - o x o -  5 - p h e n y l t e t r a h y d r o i m i d a z o l e - 4  - s p i r o - 4  
(1 ' , 3 ' - d i e t h y l t e t r a h y d r o i m i d a z o l e - 2 ' - o n e  ) (4 6)
M . p .  114° ,  m / e  344 (M ^ ) , (mull )  1710 c m ' ^  (G =0) ,  J
6 H (GDGl^) 0 . 8 6 - 1 . 3 4  ( 1 2 H ,m ) ,  2. 5 - 3 .  5 ( 8 H ,m ) ,  3 .7 1  ( 2 H , d d , J  8 Hz)
4 . 5 6  ( IH ,  s) and  7 .  1 4 - 7 . 4 4  ( 5 H , m ) ,  &G(GDG1 ) 1 2 . 5 6 ,  1 2 .8 0 ,  1 5 . 3 5 ,
3 4 . 7 1 ,  3 5 . 9 9 ,  3 7 . 9 6 ,  4 9 . 6 1 ,  6 5 . 8 6 ,  7 8 . 9 0 ,  1 2 7 .7 5 ,  1 2 9 . 1 5 ,  1 3 5 . 4 4 ,  
and 158 .74  p p m  (Found: G , 6 6 . 2 ;  H ,  8 . 5 ;  N,  1 6 .0  ^ 1 9 ^ 2 8 ^ 4 ^ 2
r e q u i r e s  G , 6 6 . 2 5 ,  H,  8 , 2 ;  N,  16.25%)
j ) 4 ,  5- D i m e t h y l - 4 - i m i d a z o l i n - 2 - o n e  (50a)
M . p .  290°  ( d e c o m p , ) ( l i t .  290°  ( d e c o m p . ), B l i t z ,  1907),  m / e  
112 (M+), (mul l)  3130 (NH),  1685 (G=0) ,  and 1665 c m " ^  (G=G),
6 h (TFA)  2. 14 (6H, s) an d  9 . 9 6  ( IH ,  s),  S g (TFA )  8 .7  (q),  1 1 9 .5  (s ) ,  
and 151 .2  (s) p p m .  (Found: G , 53. 58; H,  7 . 6 6 ;  N ,  2 5 . 9 6  G^H^N^O 
r e q u i r e s  G , 5 3 . 5 5 ;  H ,  7 . 1 9 ;  N,  25.  09%)
64
k) 1 , 4 ,  5 - T r l m e t h y l - 4 - i m i d a z o l i n - 2 - o n e  (50b)
M . p .  185° ,  m / e  126 (M*'') V (m ul l )  3150 (NH), 1685 (C=0)  
and  1650 c m " ^  (C=C),  S H (CDCl^)  1. 94,  1 . 9 8  (6H, 2 s ) ,  3 . 1 2  (3H, s),  
and  1 1 .4 9  ( IH ,  s),
^ C (C D C l^ )  8 . 3 ,  9 . 2 0 ,  2 6 . 9  (q), 1 1 2 .2  (s) ,  1 1 3 . 8  (s) ,  
and  1 5 4 .6  (s)  p p m  (Found:  G, 5 6 . 4 ;  H,  7 . 8 5 ;  N, 2 2 . 3 1 .  G ^H ^^N ^O  
r e q u i r e s  G, 57.  12; H,  7 . 9 8 ;  N,  22.20%)
1) 4,  5 - D i e t h y l - 4 - i m i d a z o l i n - 2 - o n e  (50c)
M . p .  2 8 4 ° ,  m / e  140 (M"*"), V  (mull)  3140 (NH),  1690 (G =0) 
and 1670 c m " ^  (G=G) , & H ( [ ^ H ,  ]DMSO) 1 .0 2  ( 6 H , t ,  J  8Hz),  2 . 2 2  (4H, 
q, J  8Hz),  8 . 5 2  ( I H ,  s) ,  and  9 . 5 0  ( IH ,  s), 8 G (TFA )  13.  9 (q ) , 1 8 . 3  (t), 
125.  3 (s) an d  1 5 1 .2  (s) p p m  (Found: G, 59.  71 ; H ,  8.  64; N,  19.  54 
G H ^ ^ N ^ O  r e q u i r e s  G, 5 9 . 9 7 ;  H ,  8 .6 2 ;  N, 19.98%)
m) 4 - M e t h y l - 5 - p h e n y l - 4 - i m i d a z o l i n - 2 - o n e  (50d)
M . p .  290°  ( d e c . )  ( l i t .  2 8 5 ° ,  B e h r - B r e g o w s k i ,  1897),  m / e  174 (M^) 
'V (mul l)  3180 (NH) , 1690 (G=0) and 1650 c m " ^  (G =G) S h (TFA)  
2 . 3 6  (3H, s) an d  7 . 4 2  (5H ,)  6 g (TFA )  1 0 . 2 ,  8 2 . 6 ,  8 5 . 3 ,  1 2 7 . 9 - 1 3 2 . 6 ,  
1 37 .2  and 1 6 1 . 6  p p m .
n) 1, 4 - D i m e t h y l -  5 - p h e n y l - 4  - i m i d a z o l i n - 2 - o n e  (50e)
M . p .  170° ,  m / e  188 (M+), (mul l)  3460 (NH) , 1690 (C = 0 ) ,
and 1675 c m " ^  (G=G),  5 H ( [ ^ H ,  ]DMSO) 0 . 7 8  (3H, s ) ,  2 . 4 8  (3H, s) ,  
7 . 1 8 - 7 . 3 2  (5 H ,m )  a n d  5 . 9 0  ( IH ,  s) p p m .  6 g ({^H^JDM SO) 2 4 . 4 ,
24.  8, 85.  6, 9 1 . 9 ,  1 2 6 . 7 ,  1 2 7 . 9 5 ,  1 2 8 . 1 ,  1 3 9 .0  and  1 5 8 .7  p p m  
(Found: G, 6 9 . 9 6 ;  H ,  6 . 3 4 ;  N,  1 4 .7 2  G H ^^ N ^ O  r e q u i r e s
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C,  70 .  19; H ,  6 . 4 1 ;  N,  14 .88%)
P) 3a,  7 a - D i p h e n y l t e t r a h y d r o l m i d a z o  [4 , 5 - d l i m i d a z o l e - 2 ,  5 - d i o n e  (28g) 
M . p .  352° ,  m / e  147 ( M ^ / 2 ) .  (mul l)  3190 (NH) and  1675 c m ^
i m i d a z o l i n - 2 - o n e  (5Of). I t  i s  a m i x t u r e .
M . p .  196°  (not  s h a r p ) ,  m / e  250 and  322 (M^),  ^ H  [ ^ H ^ Ja c e t i c  
a c id  0 . 6  (3H, s ) ,  2 . 9 6  ( 6 H , s ) ,  3 .1 4  ( 6 H , s ) ,  7 . 0 8 - 7 . 5 4  ( a r o m a t i c  
p r o to n s )  and 7 .  82 (s) p p m .  5  C (T F A )  123.  85, 1 2 7 . 2 8 ,  1 2 7 . 6 3 ,  1 2 8 . 0 8 ,  
129.  14, 1 3 0 . 2 8 ,  1 3 0 . 8 7 ,  131.  82, 1 3 9 .3 1 ,  and  1 6 0 . 0  p p m  (Found:
C,  7 4 . 9 4 ;  H ,  4 . 3 6 ;  N,  7 . 5 6  C ^ ^H ^^ N ^O  r e q u i r e s  C ,  7 6 . 7 7 ;  H,
5 . 6 3 ;  N,  11.19%) I t  d e c o l o r i s e d  b r o m i n e  s o lu t io n .
(C=0) 6  H (T F A )  7 . 1 3  (1 0 H ,s )  and  7 . 5 7  (4H, s) p p m ,  &C(TFA) 8 7 . 0 3 ,  |
1 2 8 .0 3 ,  130.  36,  1 3 1 . 7 5 ,  : 135.  31 and  165 .7  8 p p m
q) 1, 6 - D i m e t h y l - 3 a ,  7 a - d i p h e n y l t e t r a h y d r o i m i d a z o  [4, 5 - d l i m i d a z o l e -  
2, 5 - d io n e  (28h) ( v e r y  m i n o r  p r o d u c t ) ,  and 1 - M e t h y l - 4,  5 - d i p h e n y l - 4 -  4
r ) a .  1, 5 - D i p h e n y l - 2, 4 - d i b r o m o p e n t a n e - 1, 5 -d io n e  (51)
I t  i s  a r a c e m i c  m i s t u r e ,  m . p .  90° ,  a f t e r  r e c r y s t a l l i s a t i o n  f r o m
e t h e r ,  m . p .  114° ,  m / e  250 (M'*"~2HBr), V  (mul l )  1680 c m ” ^(C=0)m a x  '
6H (C D C 1^)  2 . 9 8  ( 2 H , m ) ,  5 . 5 4  ( 2 H , m ) ,  7 . 4 3 - 8 . 0 4  ( 1 0 H ,m )  p p m  |
6 C (C D C 1^)  3 6 . 5 8 ,  4 5 . 8 0 ,  128.  82, 1 3 3 .92  and 191 .91  p p m  (Found:
C,  49 .  89; H,  3 . 4 2 .  C ^ ^ H ^ ^ B r ^ O ^  r e q u i r e s  C ,  4 9 . 8 0 ;  H,  3 .41%)
r ) b .  1, 5 - D i p h e n y l - 2, 4 - d i h y d r o x y p e n t a n e - 1, 5 - d io n e  (52)
M . p .  144° ,  m / e  267 (M‘*'-OH, (mul l)  3510 (OH) and  1685
c m ”  ^ (C =0) ,  6 H ( C D G H )  1 . 8 8  ( 2 H , m ) ,  3 . 9 2  ( 2 H , s ) ,  5 . 6 2  ( 2 H , m ) ,
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7 . 4 0 - 7 .  98 (1 OH, m)  p p m ,  th e  p e a k  a t  3, 92 p p m  d i s a p p e a r e d  w i th  
ad d i t io n  of D ^O ,  S C ( [ ^ H ^  ]DMSO) 3 9 . 2 4 ,  6 9 . 5 5 ,  1 2 8 . 4 6 ,  1 2 8 .7 2 ,  
1 3 3 .2 6 ,  134.  69, an d  2 0 1 . 0 3  p p m ;  (Found: C ,  7 1 . 5 3 ; H ,  5 . 5 5  
^  17^1 6^4  r e q u i r e s  C ,  7 1 . 8 1 ;  H,  5 ,67% ) .  I t  i s  a  r a c e m i c  m i x t u r e .
r )c  . 2 , 4 - D i b e n z o y l - 2 H - o x e t e  (5 3)
M . p .  2 4 4 ° ,  m / e  264 ( M ^ ) , V  (mul l)  164 0 and  1590 c m
(C=0)  & H ( [^ H ^ ]D M S O )  7 . 1 5  ( IH ,  s),  7.  3 7 -8 .  07 ( lOH, m ) ,  10 .27
( IH ,  s) p p m  6 C ( £ % ^ ] D M S O )  115.  18, 1 2 3 .7 8 ,  127.  34, 128. 57,
1 2 8 .9 1 ,  1 2 9 .7 4 ,  1 3 2 . 4 3 ,  1 3 7 . 1 5 ,  1 3 9 .7 8 ,  1 4 3 .6 9 ,  1 4 7 .2 2 ,  180 .81  
p p m .  (Found: C,  7 6 . 9 7 ;  H ,  4 . 3 7  . ^  1 7 ^ 1 2 ^ 3  r e q u i r e s  C ,  7 7 . 2 6 ;  
H,  4 .57% )  I t  d e c o l o r i s e d  KMnO^ so lu t io n .
s) C o m p o u n d  (55a)
D e c o m p o s i t i o n  ( i e .  l o s s  of w a t e r )  c o m m e n c e d  a t  c a .  164° ,  m / e  
328 ( M t 4 H ^ O ) ,  350 0 -3 1 0 0  (OH) and  1 7 00 -1640  cm"  ^ (C=0)
6  H(GDCl^) 1 .8 2  (8H, b r o a d  s) ,  2 . 3 0  (8H, b r o a d  s ) , 2 . 7 6 - 3 . 7 7  (12H, 
u n r e s o l v e d  s s ) ,  &G(GHG1 ) 1 8 . 3 ,  1 9 . 7 ,  2 7 . 3 - 3 0 . 9 ,  5 8 . 0 ,  1 5 3 . 7 ,  and  
1 5 3 .9  p p m  (F ound :  C ,  5 5 . 9 ;  H,  6 . 4 ;  N, 1 4 . 6  ^ 1 8 ^ 3 2 ^ 4 ^ 6  r e q u i r e s
G , 5 4 . 0 ;  H,  8 . 0 5 ;  N,  14 .0% ) .  T h e  m a t e r i a l  i s  d a m p  and  r e q u i r e s  
d r y in g  b e f o r e  a n a l y s i s .  D u r i n g  th e  d r y i n g  i t  i s  d i f f i c u l t  to avo id  s o m e  
e l i m i n a t i o n  of w a t e r .  T h i s  e x p l a i n s  the  p o o r  a n a l y s i s  a n d ,  p a r t i c u l a r l y ,  
the  low h y d r o g e n  c o n t e n t .  H o w e v e r ,  the G;N r a t i o  9:2 i s  c o r r e c t  f o r  
( 5 5 a ) .
t) C o m p o u n d  (55b)
M . p .  326°  ( d e c . ) ,  V 3240 (N H /O H ) ,  1710 and 1615 cm"^  (G =0) ,
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S h (TFA )  1 .74  ( 8 H , s ) ,  2 . 1 8  (8H, s ) , 7 . 2  (v .  b r o a d  s ) , S C ( T F A )  
1 7 . 6 ,  3 1 . 8 ,  7 9 . 4  and  1 6 5 .5  p p m  (Found: C,  4 8 . 8 9 ;  H,  6 .4 5 ;  N, 
16 .7 3  r e q u i r e s  C ,  48 .  83; H,  7 . 0 2 ;  N,  16.27%)
M . p .  180°  ( d e c . ) ,  m / e  274 (M*"-2H 0(CH ^N H )g ,C0) ,  V  
3 1 40 -3400  (OH) and  1650-1710  c m "   ^ (C = 0 ) ,  5 h (CDC1 2.  0 - 2 . 4  (16H,
u) C o m p o u n d  (59)
3
2s) ,  3 . 4 5  ( 8 H , s ) ,  4 . 2 -4  . 5 (4H, s ) , S C(CH Cl^)  21.  7 - 2 9 .  3, 3 7 . 7 - 4 0 . 6 ,  
52.  5, 62.  3, 1 5 8 . 9 ,  1 59 .7  and  160 .1  p p m  (Found :  C ,  5 3 . 1 ;  H ,  6 . 0 5 ;  
N,  1 3 .3  C r e q u i r e s  C ,  5 4 . 5 ;  H,  7 . 1 ;  N,  14.1%) T h e
p r o b l e m s  a s s o c i a t e d  w i th  e l e m e n t a l  a n a l y s i s ,  d e s c r i b e d  p r e v i o u s l y ,  
ap p ly  h e r e .  T h e  C :N  r a t i o  i s  9:2 .
C H A P T E R  3
R e a c t i o n  of u r e a ,  1 - m e t h y l u r e a ,  1, 1 ' - d i m e t h y l u r e a  and  
1, 3 - d i m e t h y l u r e a  w i th  1, 2 - d i a m i n o  e t h a n e , 1, 2 - d i m e t h y l - 
a m i n o e t h a n e , 1 - d i m e t h y l a m i n o - 2 - a m i n o e t h a n e  a n d , 1 , 3 -  
d i a m i n o p r o p a n e  «
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IN T R O D U C T IO N
Besides  m o n o  and d i k e t o n e s ,  u r e a  a l s o  r e a c t s  w i th  d i a m i n o  e t h a n e  
and i t s  N - a l k y l  d e r i v a t i v e s  to y ie ld  2 - i m i d a z o l i d i n o n e s , o f ten  know n  
a s  e t h y l e n e u r e a  d e r i v a t i v e s .  T h e  i m i d a z o l e  r i n g  s y s t e m  e x i s t s  
in m a n y  s u b s t a n c e s  of b i o l o g i c a l  and c h e m i c a l  i n t e r e s t ,  bo th  
n a t u r a l  and  s y n t h e t i c .  T h e  w i d e s p r e a d  a p p l i c a t i o n  of 2 - i m i d a z o l i d i n o n e ,  
i t s  N - a l k y l  d e r i v a t i v e s  and o t h e r  r e l a t e d  c o m p o u n d s  i n  t h e  f i e ld  of 
t e x t i l e ,  m e d i c i n e ,  d e t e r g e n t s ,  a d h e s i v e s  and ,  a s  i n d u s t r i a l  s o lv e n t s  
h a s  p r o m p t e d  u s  to  look  in to  r e a c t i o n  m e c h a n i s m  i n  th e  f o r m a t i o n  
of such  i m p o r t a n t  c o m p o u n d s .  W e hav e  found th a t  i t  i s  the  c a r b o n -  
n i t r o g e n  bond of u r e a  w h ic h  b r e a k s  . down d u r i n g  th e  f o r m a t i o n  of 
p r o d u c t s .  T h i s  h a s  b e e n  f u r t h e r  c o n f i r m e d  by the  u s e  of i s o to p i c  
l a b e l l i n g  t e c h n i q u e ,  p h y s i c a l ,  c h e m i c a l  and s p e c t r a l  m e t h o d s .  F i r s t ,  
an  i s o c y a n a t e  i n t e r m e d i a t e  i s  f o r m e d  w h ich  g iv e s  b i r t h  to  a p o l y m e r .  |
T h i s  p o l y m e r  on h e a t in g  c h a n g e s  to a m o n o m e r .
T h i s  c h a p t e r  d e a l s  w i th  th e  r e a c t i o n  of u r e a ,  1 - m e t h y l u r e a ,
1, 1 ’- d i m e t h y l u r e a  and  1, 3 - d i m e t h y l u r e a  w i th  1, 2 - d i a m i n o e t h a n e ,
1, 2 - d i m e t h y l a m i n o e t h a n e ,  l - d i m e t h y l a m i n o - 2 - a m i n o e t h a n e  and ,  
f in a l ly ,  w i th  1, 3 - d i a m i n o p r o p a n e .
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R E S U L T S  AND DISCUSSION
T h e  p r e p a r a t i o n  of 2 - i m i d a z o l i d i n o n e  (61) w a s  f i r s t  r e p o r t e d  
by H a n s e n  (1939) b u t  a  y ie ld  of  on ly  10% w a s  o b ta in e d .  H o w e v e r ,  
S c h w e i t z e r  ( 1950) d i s c o v e r e d  th a t ,  i f  w a t e r  i s  a d d e d ,  the  y ie ld  
i n c r e a s e s  to  98%. I t  h a s  a l s o  b e e n  s y n t h e s i s e d  by  r e a c t i o n s  of 
s e v e r a l  s u b s t a n c e s  w i th  1, 2 - d ia m in o e th a .n e ,  i.e. d i e th y l  c a r b o n a t e  
( T a f e l  and  R e i n d le ,  1901),  ph o s g en e  (P usc h inand  Miil;ic, 1937) and  u r e a  a s  
shown in S c h e m e  12 . T h e  a m m o n i a  l i b e r a t e d  by  t h i s  r e a c t i o n  
cou ld  c o m e  e i t h e r  f r o m  the  u r e a  o r  f r o m  the d i a m i n o e t h a n e .  W hen  
the  u r e a  u s e d  w a s  l a b e l l e d  w i th  n i t r o g e n - 15 we found none  of  t h i s  
i s o t o p e  in the  2 - i m i d a z o l i d i n o n e  f o r m e d .  H o w e v e r ,  the  a m m o n i a  
e v o lv e d ,  w h ich  w a s  t r a p p e d  a s  a m m o n i u m  c h l o r i d e ,  d id  c o n t a in  
n i t r o g e n - 15. T h u s ,  i t  i s  the  c a r  b o n - n i t r o g e n  of u r e a  w h ich  i s  
b r o k e n  d u r i n g  the  c o u r s e  of  the  r e a c t i o n .
T h e r e  a r e  s e v e r a l  p o s s i b l e  m e c h a n i s m s  f o r  t h i s  r e a c t i o n ,  t h e  
m o s t  p r o b a b l e  a r e  g iven  in  S c h e m e  13.
a) R e a c t i o n  o c c u r s  by  c o n c e r t e d  e l i m i n a t i o n  of two m o l e c u l e s  
of a m m o n i a  in a s in g le  s t e p  p r o c e s s .
b) F o r m a t i o n  of the  i n t e r m e d i a t e  (62) i s  fo l low ed  by  
i n t r a m o l e c u l a r  n u c l e o p h i l i c  a t t a c k  on  the  c a r b o n y l  g r o u p ,  with  
e l i m i n a t i o n  of a m m o n i a .
c) I n t e r m e d i a t e  (62) i s  c o n v e r t e d  in to  a n  i s o c y a n a t e  (63) w i th  
l o s s  of a m m o n i a ,  and  s u b s e q u e n t  c y c l i s a t i o n  of (63) g iv e s  (61).
S i m i l a r  c o n s i d e r a t i o n s  h a v e  b e e n  a p p l i e d  by  H e g a r t y  and  F r o s t  (197 3) 
to the  h y d r o l y s i s  of  p - n i t r o p h e n y l - N - p h e n y l - c a r b a m a t e  and  the 
c o n v e r s i o n  of p - n i t r o p h e n y l - N - ( 2 - a m i n o p h e n y l ) c a r b a m a t e  in to
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i s o c y a n a t e  and  so ,  a  p r i o r i ,  ( c ) i s  the  f a v o u r e d  r o u t e .  ^
H e g a r t y  and  F r o s t  (1973) t r a p p e d  a n  i s o c y a n a t e  i n t e r m e d i a t e  -
in the  h y d r o l y s i s  of p - n i t r o p h e n y l - N - p h e n y l c a r b a m a t e  by r e a c t i o n  
in th e  p r e s e n c e  of p - c h l o r o a n i l i n e  and  i s o l a t e d  N - p h e n y l - N ’-
“Î
( p - c h l o r o p h e n y l u r e a ) . We c a r r i e d  out  a  s i m i l a r  e x p e r i m e n t  by  H
h e a t i n g  a  m i x t u r e  of u r e a ,  d i a m i n o e t h a n e ,  w a t e r ,  and p - c h l o r o -  i
a n i l i n e  bu t  the  l a s t  of t h e s e  w a s  r e c o v e r e d  u n c h a n g e d ,  and  we :
found no t r a c e  of (64),  w h ic h  co u ld  h a v e  b e e n  f o r m e d  by r e a c t i o n  
of (63) w i th  £ ~ c h l o r o a n i l i n e .  H o w e v e r ,  t h i s  n e g a t i v e  r e s u l t  d o e s  
no t  d i s p r o v e  the  i n t e r m e d i a c y  of (63) a s  i n t r a m o l e c u l a r  r e a c t i o n ,  
to f o r m  (61),  m a y  w e l l  p r o c e e d  m o r e  r e a d i l y  t h a n  i n t e r m o l e c u l a r  
r e a c t i o n  w i th  p - c h l o r o a n i l i n e .
W a t e r  d o e s  n o t  a p p e a r  to p l a y  a c h e m i c a l  r o l e  in the  r e a c t i o n  
and  a c t s  on ly  a s  a  m o d e r a t o r .  We t r i e d  to l u e n e  in  p l a c e  of w a t e r .
R e a c t i o n  d o e s  o c c u r ,  a s  e v i d e n c e d  by  the  a m m o n i a  ev o lv e d ,  b u t  
the so l id  p r o d u c t  a p p e a r s  to  b e  a  p o l y m e r ,  p r o b a b l y  of  th e  l i n e a r
ty p e  (65),  If n  i s  l a r g e  t h e n  th e  e l e m e n t a l  a n a l y s i s  o f  (65) i s  a l m o s t
the s a m e  a s  th a t  of ( 61 ) .  A l s o ,  m a n y  of the  s p e c t r a l  p r o p e r t i e s  
w i l l  be  i d e n t i c a l .  H o w e v e r ,  the  m e l t i n g  p o in t  of the  p r o d u c t  (191°) 
i s  v e r y  d i f f e r e n t  f r o m  th a t  of (61) (130*^). A l th o u g h  t h e  m a i n  
f r a g m e n t  in  the  m a s s  s p e c t r u m  i s  a t  m / e  86;(M^) f o r  (61), t h e r e  a r e  
m a n y  s m a l l e r  p e a k s  of h i g h e r _ m / e  . T h e  a p p e a r a n c e  of t h e  s p e c t r u m  
i s  c h a r a c t e r i s t i c  of a  p o l y m e r .  I t  w ou ld  a p p e a r ,  t h e n ,  th a t  w a t e r  i s  
a  s p e c i f i c  m o d e r a t o r  f o r  the  f o r m a t i o n  of (61).
A s  bo th  c a r b o n - n i t r o g e n  b o n d s  of th e  u r e a  a r e  b r o k e n  d u r i n g  
r e a c t i o n ,  2 - i m i d a z o l i d i n o n e  (61) shou ld  be  o b ta in e d  by r e a c t i o n  of 
1 - m e t h y l u r e a ,  1, 1- d i m e t h y l u r e a ,  and  1, 3 - d i m e t h y l u r e a  w i th
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1, 2 - d i a m i n o e t h a n e .  T h i s  w a s  found to be  the  c a s e  w i th  the  f i r s t  
two bu t ,  i n s t e a d  of (61),  p o l y m e r i c  m a t e r i a l  w a s  o b ta in e d  a l th o u g h  
the  e x p e r i m e n t a l  c o n d i t i o n s  w e r e  th e  s a m e  a s  t h o s e  w h ic h  p r o d u c e d  
the  m o n o m e r  on  r e a c t i o n  w i th  u r e a .  T h e r e  w a s  no  e v i d e n c e ,  in  
the  p r o t o n  n m r  s p e c t r a  of th e  p o l y m e r s ,  f o r  the  p r e s e n c e  of N -  
m e t h y l  g r o u p s .  T h e  g a s e s  e vo lved  d u r i n g  r e a c t i o n  w e r e  m e t h y l a m i n e  
and d i m e t h y l a m i n e , along  w i th  a m m o n i a .
No r e a c t i o n  o c c u r r e d  w i th  1, 3 - d i m e t h y l u r e a  and  th i s  s u g g e s t s  
th a t  f o r m a t i o n  of th e  i n t e r m e d i a t e  (6i^) i s  b l o c k e d .  W i th  u r e a  
f o r m a t i o n  of ( 6 2 )  m u s t  p a r a l l e l  the  b i u r e t  r e a c t i o n  ( W i e d e m a n n ,  184 8), 
w h e r e  d i a m i n o e t h a n e  r e p l a c e s  th e  se c o n d  m o l e  of u r e a  ( S c h e m e  14 ) .
1, 3 - D i m e t h y l u r e a  d o e s  no t  a p p e a r  to  u n d e r g o  a s i m p l e  b i u r e t  
r e a c t i o n  and  1, 5 - d i m e t h y l b i u r e t  i s  m a d e  by  the  r e a c t i o n  of 1 - m e t h y l ­
u r e a  w i th  m e t h y l  i s o c y a n a t e  (B i l t z  and  J e l t s c h ,  192 3). T h e r e f o r e ,
1, 3 - d i m e t h y l u r e a  d o e s  n o t  r e a c t  w i th  d i a m i n o e t h a n e  in  a m a n n e r  
p a r a l l e l  to  t h a t  show n  in  S c h e m e  14 and i s  r e c o v e r e d  u n c h a n g e d  f r o m  
the  r e a c t i o n  m i x t u r e .
We now  c o n s i d e r  t h e  e f f e c t  of  N - m e t h y l a t i o n  of  th e  d i a m i n e  u pon
,1c o u r s e  of th e  r e a c t i o n .  T h e  i s o c y a n a t e  i n t e r m e d i a t e  ( 6^ c a n n o t  ^
f o r m  f r o m  1, 2 - d i m e t h y l a m i n o e t h a n e  and so r e a c t i o n  w i th  u r e a  shou ld  
give a d i f f e r e n t  ty p e  of p r o d u c t .  In  f a c t ,  (66) w a s  o b ta in e d .
E l e m e n t a l  a n a l y s i s  and  m o l e c u l a r  w e ig h t  d e t e r m i n a t i o n  of (66) gav e  
a m o l e c u l a r  f o r m u l a  of c o r r e s p o n d s  to r e a c t i o n
of one  m o l e  of 1, 2 - d i m e t h y l a m i n o e t h a n e  w i th  two m o l e s  of u r e a  and  
e l i m i n a t i o n  of two m o l e s  of a m m o n i a .  T h e  i r  s p e c t r u m  i s  
c o n s i s t e n t  w i th  th e  p r e s e n c e  of  NH and  a m i d e  c a r b o n y l  g r o u p s .













3, 8 (4H) p p m  w h ich  r e f l e c t s  th e  p r e s e n c e  of N - m e t h y l  and  m e t h y l e n e  
g r o u p s .  T h e  NH p r o t o n s  h a v e  e x c h a n g e d  w i th  s o l v e n t  ( T F A ) .  In  
a d d i t i o n  to  N - m e t h y l  and  m e t h y l e n e  g r o u p s  a t  8 3 6 . 6 2  and  4 8 . 7 7  p p m  
the  c a r b o n - 1 3  n m r  s p e c t r u m  a l s o  gave  a c a r b o n y l  p e a k  a t  1 6 2 .3 6  p p m .  
R e a c t i o n  w i th  n i t r o u s  a c i d  (w hich  gav e  CO^) and a l k a l i n e  h y d r o l y s i s  
(w hich  gave  NH^) c o n f i r m s  the  e x i s t e n c e  of a m i d e  g r o u p s .  T h i s  
r e s u l t  i s  i n c o n s i s t e n t  w i th  r o u t e s  (a) and  (b) (S c h e m e  13),  bu t  
s u p p o r t s  f o r m a t i o n  of a n  i s o c y a n a t e  i n t e r m e d i a t e .
H o w e v e r ,  o u r  r e s u l t  a p p e a r s  to  be  i n c o n s i s t e n t  w i th  th e  w o r k  of 
L i e n  and h i s  c o - w o r k e r s  (1971) who o b ta in ed  1, 3 - d i a l k y l - 2 -  
i m i d a z o l i d i n o n e s  by  r e a c t i o n  of  1, 2 - d i a l k y l a m i n o e t h a n e s  w i th  u r e a .  
T h e  e x p e r i m e n t a l  c o n d i t i o n s  t h e y  u s e d  w e r e  v e r y  s i m i l a r  to  o u r s ,  
e x c e p t  t h a t  t h e y  u s e d  no  m o d e r a t o r  and h e a t e d  f o r  a  l o n g e r  p e r i o d .
We w e r e  a b l e  to  r e s o l v e  t h i s  i n c o n s i s t e n c y .  T h e  a c t i o n  of h e a t  ( ç a ,  
300°) on (66) r e s u l t e d  in  f o r m a t i o n  of a p a s t e ,  m o s t  of w h ic h  w a s  
s o lub le  in  c h l o r o f o r m ,  and  the  ev o lu t io n  of  a m m o n i a .  On co o l in g  
the  so lu t ion ,  w h i te  c r y s t a l s  w e r e  d e p o s i t e d  w h ich  w e  id e n t i f i e d ,  
by s p e c t r a l  m e a n s ,  a s  th e  c y c l i c  b i u r e t  (67).  R e m o v a l  of s o lv e n t  
f r o m  the  f i l t r a t e  l e f t  an  o i l ,  1, 3 - d i m e t h y l - 2 - i m i d a z o l i d i n o n e  ( 6 8 )  
(Boon,  1947), w h ic h  i s  the  p r o d u c t  e x p e c t e d  f r o m  L i e n ' s  w o r k .
T h e  m a t e r i a l  i n s o l u b l e  in  c h l o r o f o r m  w a s  c y a n u r i c  a c i d .  I t  w a s  
i d e n t i f i e d  by  c a r b o n - 13 n m r  s p e c t r u m  and by c o m p a r i s o n  w i th  a n  
a u th e n t i c  s a m p l e .  T h u s  i t  w ould  a p p e a r  t h a t  b i s u r e a s  l i k e  (66 ) 
a r e  i n t e r m e d i a t e  in  L i e n ' s  s y n t h e s i s  of d i a l k y l - 2 - i m i d a z o l i d i n o n e  s .  
W h a t  i s  no t  c l e a r  i s  w h e t h e r  ( 6 6 )  d e c o m p o s e s  in to  (67 ) and  (68) 
c o n c u r r e n t l y ,  o r  to  (67) f i r s t ,  w h ic h  r e a c t s  f u r t h e r  to g ive  (68).
We f a v o u r  the  l a t t e r  a s  c o n v e r s i o n  of (66) in to  ( 68 ) i n v o l v e s  the
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s i m u l t a n e o u s l y  e l i m i n a t i o n  of a m m o n i a  and  c y a n ic  a c i d  w h i l e ,  
if r e a c t i o n  p r o c e e d s  w i th  the  i n t e r m e d i a c y  of (67), t h e s e  p r o c e s s e s  
o c c u r  in  a  s t e p - w i s e  m a n n e r .  T h e  f a c t  th a t  (67) c a n  be i s o l a t e d  
s u p p o r t s  t h i s  v iew .
T h e  s a m e  p r o d u c t  (66) w a s  o b ta in e d  by  r e a c t i o n  of  1, 2 - d i m e t h y l ­
a m i n o e t h a n e  w i th  1 - m e t h y l u r e a  and  w i th  1, 1- d i m e t h y l u r e a .  W i th  
1, 3 - d i m e t h y l u r e a  t h e r e  w a s  no  r e a c t i o n .
R e a c t i o n  of 1 - d i m e t h y l a m i n o - 2 - a m i n o e t h a n e  w i th  u r e a  gave  ye t  
a n o t h e r  ty p e  of p r o d u c t ,  an  N - s u b s t i t u t e d  u r e a  (69).  We c a n  
r e a d i l y  r a t i o n a l i s e  t h i s  a s  c y c l i s a t i o n  of t h e  i s o c y a n a t e  i n t e r m e d i a t e  
(70)  i s  n o t  p o s s i b l e ,  and so i t  r e a c t s  w i th  a  second  m o l e c u l e  of th e  
d i a m i n e  to g ive  (69). T h i s  i s  f u r t h e r  e v id e n c e  to s u p p o r t  th e  
i s o c y a n a t e  i n t e r m e d i a t e .  C o m p o u n d  (69) i s  a c o l o u r l e s s  l iqu id  
and ,  f r a g m e n t e d  in to  two p i e c e s  a t  m/e^  115 (M e^N C H ^C H ^ N H C O ) and  
87 (M eNCH^CH^NH) in the  m a s s  s p e c t r u m .  H o w e v e r ,  e l e m e n t a l  
a n a l y s i s  c o r r e s p o n d s  to  a  m o l e c u l a r  f o r m u l a  C ^ H ^ ^ N ^ O .  T h e  i r  
s p e c t r u m  i s  in  a g r e e m e n t  w i th  NH and  a m i d e  c a r b o n y l  g r o u p s .  T h e  
p r o t o n  n m r  s p e c t r u m  e x h i b i t s  one s in g le t  (6  2. 18 p p m ) ,  two t r i p l e t s  
( 8  2 .4  0 and  6 . 5 2  p pm )  and a  q u a r t e t  a t  8 3 .2  3 p p m .  A d d i t i o n  of 
a  f ew  d r o p s  of D^O r e s u l t e d  in  d i s a p p e a r a n c e  of  t r i p l e t  a t 6 6 . 5 2  
and  th e  q u a r t e t  a t  3 . 2 3  p p m  c h a n g e d  in to  a t r i p l e t .  T h e  r e l a t i v e  
p e a k  a r e a s  a r e  c o n s i s t e n t  w i th  n u m b e r  of p r o t o n s  12, 4,  4 and  2 
p r e s e n t  i n  (69) ,  T h e  c a r b o n - 13 n m r  s p e c t r u m  s how s  f o u r  r e s o n a n c e s  
a t 8 3 7 . 7 1 ,  4 5 . 0 3 ,  5 8 . 9 9  an d  1 6 0 .5 2  p p m ;  w h ic h  a r e  c o n c o r d a n t  w i th  
the  s t r u c t u r e  of  (69),  1, 3 - b i s ( d i m e t h y l a m i n o e t h y l ) u r e a .
■si
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W e found th a t  a  p a r a l l e l  r e a c t i o n  o c c u r s  w hen  1, 2 - d i a m i n o ­
e th an e  w a s  r e p l a c e d  by 1, 3 - d i a m i n o p r o p a n e .  T h e  so l id  p r o d u c t s  
o b ta in ed  on r e a c t i o n  w i th  u r e a  an d  w i th  1 - m e t h y l u r e a  w a s  a m i x t u r e  
of (7 1 )  and  p o l y m e r i c  m a t e r i a l .  C o m p o u n d  (71) w a s  e x t r a c t e d  
w i th  c h l o r o f o r m  and id e n t i f i e d  by  a l l  m e a n s .
75
E X P E R IM E N T A L
R e a c t io n  of u r e a  and  1, 2 - d ia m in o e th a n e
A m i x t u r e  of u r e a  (O. 1 m o le ) ,  d ia m in o e th a n e  (O. 1 m o le )  and
w a te r  (0. 2 m o le )  w a s  r e f lu x e d  f o r  3 h  and  the  g a s  e v o lv e d  p a s s e d
in to  a q u e o u s  H C l.  A f te r  3 h  th e  m i x tu r e  b e c a m e  a p a s t e  b u t ,
d u r in g  t h e  n ex t  h o u r ,  t u r n e d  in to  a  p a le  l iq u id  an d ,  on co o l in g ,
s o l id i f ie d .  T h e  m a t e r i a l  w a s  r e c r y s t a l l i s e d  f r o m  c h l o r o f o r m  j
to  g ive  2 - im id a z o l id in o n e  (61), m . p .  130° ( l i t .  131°; F i s c h e r  and
K o ch , 1885), m / e  86 (m ‘‘“), 6 ^ ( T F A )  3 .6 4 ,  (H O) 4 3 .4  and
164 .4  p p m .  A m m o n iu m  c h l o r i d e  w a s  i s o la t e d  f r o m  th e  so lu t io n
th ro u g h  w h ich  th e  ev o lv ed  g a s  h a d  p a s s e d .
T h e  above  e x p e r i m e n t  w a s  r e p e a t e d  u s in g  u r e a  c o n ta in in g  3%
n i t r o g e n - 15. T he  m a s s  s p e c t r u m  of th e  2 - im id a z o l id in o n e
o b ta in e d  w as  id e n t i c a l  w ith  th a t  o b ta in e d  above  bu t in  th e  m a s s
s p e c t r u m  of the  a m m o n iu m  c h lo r id e  i s o la t e d  t h e r e  w a s  a p e a k  a t 
14 15m / ç  29 ( N -  N) w h ich  i s  n o t  found in  is o to p ic  a l ly  n o r m a l  |
a m m o n iu m  c h l o r i d e .
W hen  to lu e n e  w as  u s e d  a s  th e  m o d e r a t o r  a  m a t e r i a l  w a s  
o b ta in ed  m . p .  192° ,  th e  s p e c t r a l  p r o p e r t i e s  of w h ich  w e r e  id e n t ic a l  
w ith  th o s e  of (61), e x c e p t  th a t  th e  m a s s  s p e c t r u m  had  on ly  a  s m a l l  
p e a k  a t  m / ç  86 and  m a n y  s m a l l  p e a k s  a t  h ig h e r  v a l u e s .
T h e  f i r s t  e x p e r i m e n t  d e s c r i b e d  above  w a s  r e p e a t e d  u s in g  
1 - m e t h y lu r e a  in s te a d  of u r e a .  T h e  p r o d u c t  had  th e  fo llo w in g  
p r o p e r t i e s :  m . p .  2 8 0 °  ( d e c . ) ,  m /je  86 ( la rg e )  and  s m a l l  p e a k s  a t  
h ig h e r  v a lu e s ,  (m ull)  3340 (NH) and 1650-1550  c m " ^  (C = 0 ,
b r o a d ) . ^H  (T FA ) 3 .5 8 ,  ^ C (T F A )  4 2 . 5 ,  4 2 .  8 and  1 6 3 .6  p p m .
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(Found: C , 4 1 . 0 ;  H , 7 . 1; N, 3 2 .3  (C^H^N^O) r e q u i r e s  C , 4 1 . 9 ;
H, 7 .0 ;  N , 3 2 .5 % .)  T h e  m a t e r i a l  a p p e a r s  to  b e  a p o ly m e r  of (61).
W ith  1, 1 -d i m e th y l u r e a  a n o t h e r  p r o d u c t  ( a l s o  a  p o ly m e r )  w a s  |
+o b ta in e d ,  m . p .  184° , m / e  86 (M ) ( la rg e )  and  s m a l l  p e a k s  a t  h ig h e r
V - - /  —  — (r .=n\  6im a x
3 , 6 3  p p m .
v a lu e s ,  (m u ll)  34 30, 3340 (NH) and 1650 c m "  C 0 ) , ^ H (T F A )
R e a c t io n  of u r e a  w ith  1, 2 -d im e th y la m in o e th a n e
A m i x t u r e  of d im e th y la m in o e th a n e  (0 . 1 m o le ) ,  u r e a  (0. 1 m o le )  
and  w a te r  ( 0 .2  m o le )  w as  r e f lu x e d  f o r  4 h w ith  c o n s ta n t  s t i r r i n g  on 
a h o t  p l a t e .  A t th e  end of a p p r o x im a te ly  2 h ,  th e  f l a s k  c o n te n ts  
c h an g e d  in to  w h ite  so l id  w h ich  r e m a in e d  a s  such  th ro u g h o u t  the  
h e a t in g .  T h e  so l id  p r o d u c t  w a s  w a s h e d  w ith  c h l o r o f o r m ,  a c e to n e  and  
w a te r  . W hen  d r i e d  i t  had  m . p .  2 6 2 ° ,  1 , 1 - d im e th y l -  1, 1 ' - d i m e th y l e n e - 
b i s u r e a  ( 6 6 ), m / e  174 (M*^), (m ull)  3400, 3190 (NH) and
1655 c m " ^  (C = 0 ) ,  (T FA ) 3 .2 0  (6H , s) and  3 .8 0  (4H, s) ,  ^ C (T F A )
36. 6 (q ) , 4 8 . 8  (t) and 1 62 .4  (s) p p m .  (F ound : C , 4 1. 32; H , 8 . 64;
N, 32. 98 G ,H ^ ^ N  r e q u i r e s  C , 4 1 .3 6 ;  H , 8 . 10; N , 32.16% )
T h e  s a m e  p r o d u c t  w a s  o b ta in e d  w h en  u r e a  w a s  r e p l a c e d  by
1- m e t h y l u r e a  o r  1 , 1- d i m e t h y l u r e a .
a) C o m p o u n d  (66) w a s  d i s s o lv e d  in  h y d r o c h lo r i c  a c id  and  10% 
a q u e o u s  s o lu t io n  of so d iu m  n i t r i t e  w a s  added  in to  i t .  D u r in g  
a d d i t io n  th e  t e m p e r a t u r e  w a s  m a in ta in e d  a t  0°C . T h e  l i b e r a t e d  
g a s  w a s  p a s s e d  th ro u g h  b y r t a  w a te r  and b a r i u m  c a r b o n a t e  w a s  
o b ta in e d ,
b) A m i x tu r e  of co m p o u n d  ( 6 6 ) and  a q u e o u s  so lu t io n  of so d iu m  
h y d ro x id e  w as  h e a t e d .  T h e  a m m o n ia  evo lved  w a s  id e n t i f i e d  a s
1a m m o n iu m  c h l o r i d e  and  w ith  N e s s l e r ' s  r e a g e n t .
c) 1, 1- D i m e t h y l - 1, 1 - d im e th y l e n e b i s u r e a  (1 0 .0  g) in  a  ro u n d  
b o t to m  f l a s k  f i t te d  w ith  a  w a t e r  c o n d e n s e r  w a s  h e a t e d .  T h e  f l a s k  
c o n te n ts  m e l te d  an d  a m m o n ia  s t a r t e d  c o m in g  off.  W h en  i t  c e a s e d  
th e  f l a s k  w a s  c o o le d  down and m a t e r i a l  w a s  e x t r a c t e d  w ith  
c h l o r o f o r m .  O n  s o lv e n t  r e m o v a l  and  co o l in g  th e  r e s id u e  y ie ld e d  
b e a u t i fu l  w h ite  c r y s t a l s  of 1, 5 - d i m e t h y l - 1, 5 - d i m e t h y l e n e b i s u r e t  
(67), m . p .  1 90° ,  m / e  157 (m"**), &  ( , ]DMSO) 2. 87 ( 6H , s ) ,
3 .4 5  ( 4 H ,s ) ,  8 .2 5  ( IH ,  s) p p m ; (F ound : C , 4 5. 83; H , 6 .9 2 ;  N, 2 6 .4 8  
^ 6^  1 1 ^ 3 ^ 2  :^^qu ires  C , 4 5 .8 5 ;  H , 7 .0 5 ;  N , 26 .73% )
A f te r  c o m p le te  r e m o v a l  of (67), th e  o th e r  p r o d u c t  of the  
r e a c t i o n  w a s  a y e l lo w  l iq u id  1 , 3 - d i m e t h y l - 2 - im id a z o l id in o n e  (68 ),  
m / e  114 (M**"), 8 h  (GDCl^) 2 .7 5  (6H , s ) ,  3 .2 7  (4H, s) ,  5C(CH G1^)
29. 5, 4 3. 3 and  160. 1 p p m .
R e a c t io n  of u r e a  w ith  l - d i m e t h y l a m i n o - 2 - a m i n o e t h a n e
A m i x t u r e  of th e  d ia m in e  (0. 1 m o le ) ,  u r e a  (0. 1 m o le )  and  
w a te r  ( 0 .2  m o le )  w a s  r e f lu x e d  f o r  4 h .  T h e  a m m o n ia  evo lved  
w a s  p a s s e d  in to  a q u e o u s  H G l and  r e c o v e r e d  a s  N H ^ G l.  T h e  
c o n te n ts  of th e  f l a s k  w e r e  c o o le d ,  d i lu te d  w ith  c h l o r o f o r m ,  and 
f i l t e r e d .  T h e  s o lv e n t s  w e r e  r e m o v e d  and th e  r e s i d u e  d r i e d  
( m o le c u la r  s iev e )  to  g ive  a c o l o u r l e s s ,  v i s c o u s  o i l ,  1 , 3 - b i s -  
( d im e th y la m in o e th y l ) u r e a  ( 6 9 ) ,  m / e  87 (M e^N G H^G H^NH ) and 
115 (M e2N G H 2G H 2NHGO), W (m ull)  3330 (NH) and  1660 c m ”  ^
(G = 0).  5 h  (GDGI3) 2. 18 (12H , s) ,  2 .4 0  (4 H ,t ) ,  3 .2 3  (4 H ,q ) ,
6 .5 2  (2H, t) ,  (a d d i t io n  of D^O r e s u l t e d  in  th e  d i s a p p e a r a n c e  of 
t r i p l e t  a t  8 6 .5 2  and  th e  q u a r t e t  a t  3 .2 3  p p m  ch a n g e d  in to  a  t r i p l e t ;
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5 c  (CHCl^) 3 7 .7 ,  4 5 . 0 ,  5 4 .0  and  1 60. 5 p p m  (Found: C , 53 . 35;
H , 1 1 .1 3 ;  N 2 7 .7 2  O r e q u i r e s  G , 5 3 .4 4 ;  H , 1 0 .9 6 ;
N 27 .70% )
R e a c t io n  of 1, 3 - d ia m in o p r o p a n e  w ith  u r e a
T h e  n o r m a l  p r o c e d u r e  w a s  r e p e a t e d  u s in g  1, 3 - d ia m in o p r o p a n e ,  
A c e to n e  w a s  added  to th e  p r o d u c t  an d  in s o lu b le  m a t e r i a l  f i l t e r e d  off. 
T h i s  m a t e r i a l  w a s  e x t r a c t e d  w ith  c h l o r o f o r m  an d ,  on r e m o v a l  of 
so lv en t ,  gave t r i m e t h y l e n e u r e a  ( 7 1 ) ,  m . p .  2 6 2 °  ( l i t ,  260° ; F i s c h e r  
and K o ch ,  1885), m / e  100 (M"^) , (m ull)  3240 (NH) and
1680 c m "   ^ (C = 0 ) ,  (Sn (GDGl ) 1 .8 3  (2 H ,m )  and 3 .2 3  (4 H ,t ) ,
^G  ( H^O) 2 1 .1 ,  40 . 3 and  159. 6 p p m .  T h e  m a t e r i a l  in s o lu b le  in 
c h l o r o f o r m  w as  p o ly m e r i c .
c H A P T E R  4
O x id a t io n  of ^ - s u b s t i t u t e d  t h i o u r e a s  w ith  h y d ro g e n  p e r o x id e ,  
n i t r o u s  a c id ,  b r o m i n e  and  b e n z o y l  p e r o x id e .  E f f e c t  of b a s e
on H e c t o r ’s B a s e  a d d u c t s  and  n i t r a t i o n  of H e c t o r ' s  B a s e .  J
:1
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IN T R O D U C T IO N
O x id a t io n  of N - s u b s t i tu te d  t h i o u r e a s  w ith  v a r io u s  o x id a n ts
y ie ld s  a  1, 2, 4 - th i a d ia z o l id i n e  r in g  s y s t e m .  T h e  s e n s i t i v i ty  of
th i s  r in g  to  a c id  d e p e n d s  upon  th e  p o s i t i o n s  of p e r i p h e r a l
s u b s t i t u e n t s .  F o r  e x a m p le ,  w ith  fo u r  p h en y l  g r o u p s ,  i e .  2 , 4 -
d ip h e n y l-  3, 5 - b i s ( p h e n y l im in ) - 1 , 2 ,4  - t h i a d ia z o l id in e ,  a c id
c a t a ly s e d  r e a r r a n g e m e n t  i s  r a p id  bu t,  if  two a r e  r e p l a c e d  by
m e th y l  g ro u p s  ie .  2, 4 - d i m e t h y l - 3, S -b i s (p h e n y l im in ) -  1, 2 , 4 -
th ia d ia z o l id in e ,  th e n  th e  r e a c t i o n  o c c u r s  m u c h  l e s s  r e a d i ly .
T h e  p r o d u c t  in  bo th  c a s e s  i s  a H u g e r s c h o f f *s B a s e .  On the  o th e r
h a n d ,  we h a v e  found th a t  H e c t o r ' s  B a s e  ( 3 - a n i l i n o - 5 - i m i n o - 4 -  
2p h e n y l -A  - 1 , 2 ,  4 - th ia d ia z o l id in e )  and D o s t ' s  B a s e  (3, 5 - d ia n i l i n o -  
1 ,2 ,  4 - th i a d ia z o le )  and  t h e i r  m e th y la t e d  d e r i v a t i v e s  do not u n d e rg o  
r e a r r a n g e m e n t  b e c a u s e  of t h e i r  c o n v e r s io n  in to  h e t e r o a r o m a t i c  
c a t io n s  in  a c id  s o lu t io n .  T h e  c le a v a g e  of N -S  bond  in  th e s e  
c a t io n s  a p p e a r s  to  be im p o s s ib l e  in  v iew  of th e  a r o m a t i c i t y  l o s t .  
We h av e  a l s o  p r o p o s e d  a  r e a c t i o n  m e c h a n i s m  p e r t a i n i n g  to  the  
f o r m a t io n  of th i a d ia z o le  r in g  and  H u g e r s c h o f f ' s B a s e .  In  the  
f o r m e r  c a s e ,  i t  i s  th e  a m id in o th io u r e a  w h ich  g iv e s  b i r th  to 
1, 2, 4 - th i a d ia z o l id i n e  r in g  s y s t e m  and N ^a lky l  o r  a r y l  s u b s t i tu te d  
- a ,  a ' - t h i o b i s f o r m a m i d i n e ,  w h ich  i s  a s id e  p r o d u c t ,  h a s  n o th in g  
to do w ith  i t .  In  th e  l a t t e r  c a s e ,  the  p ro to n a t io m  c£ th e  1 , 2 , 4 -  
th ia d ia z o l id in e  a t  N(2) and  f i s s i o n  of th e  N -S  bond  g e n e r a t e  a  
s u lp h e n iu m  io n  w h ich  u n d e r g o e s  e l e c t r o p h i l i c  s u b s t i tu t io n  to  g ive  
the  f in a l  p r o d u c t  i e .  H u g e r s c h o f f  ' s B a s e .
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R e a c t io n  of H e c t o r ' s  B a s e  a d d u c t s  r e s u l t i n g  f r o m  c a r b o n  
d is u lp h id e  and  p h e n y l  i s o th io c y a n a t e  w ith  s o d iu m  h y d ro x id e  in  
m e th a n o l /D M F  s o lu t io n  g iv e s  a n o th e r  r in g  c o n ta in in g  S -S  bond 
i e .  d i th ia z o le  r in g .  Tw o o th e r  a d d u c ts  of H e c t o r ' s  B a s e  w ith  
m e th y l  i s o th io c y a n a te  and  p h e n y l  i s o c y a n a te  h a v e  b e e n  e x a m in e d .  
T h e  f o r m e r  r e a c t s  w ith  so d iu m  h y d ro x id e  w ith  e l im in a t io n  of 
s u lp h u r  w h ile  th e  l a t t e r  d o e s  n o t .  T h e i r  r e a c t i o n  m e c h a n i s m  
h a s  a l s o  b e e n  p r o p o s e d .
W e h a v e  found th a t  n i t r a t i o n  of H e c t o r ' s  B a s e  g iv e s  bo th  
m o n o  and d in i t r o  p r o d u c t s .  In  e a c h  c a s e ,  on ly  one ou t of two 
p h en y l  r i n g s  in v o lv e s  in  th e  n i t r a t i o n  p r o c e s s  an d  th a t  r in g  i s  
th e  3 - a n i l in o  p o r t i o n  of th e  H e c t o r ' s  B a s e .  T h e  p ro to n a t io n  of 
the e x o c y c l ic  n i t r o g e n  of H e c t o r ' s  B a s e  s e e m s  to  d e a c t iv a te  the  
p h en y l r in g  a t ta c h e d  to  n i t r o g e n  a t  p o s i t i o n  4 ,  w h ic h  in  tu rn ,  d o e s  
not r e a c t  w ith  ni t r o n i u m  io n .  F in a l ly ,  a c é ty la t io n  of n i t r o  
c o m p o u n d s  of H e c t o r ' s  B a s e  and  n i t r a t i o n  of H e c t o r ' s  B a s e  in 
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R E S U L T S  AND DISCUSSION
T h e  o x id a t io n  of t h i o u r e a s  i s  a d i f f ic u l t  m a t t e r .  T h e  
p r o d u c t  of r e a c t i o n  d e p e n d s  u p o n  th e  o x id a n t ,  th e  m o l a r  
p r o p o r t i o n  of re a c ta n ts ,  the  s o lv e n t s ,  and  th e  d e g r e e  of N - 
su b s t i tu t io n  ,of the  t h i o u r e a .  A few  e x a m p le s  w i l l  i l l u s t r a t e  
th e  d i v e r s i t y  of r e a c t i o n .  A m in o b e n z o th ia z o le  (72) r e s u l t s  
f r o m  th e  r e a c t i o n  of 1- p h e n y l t h io u r e a  w ith  b r o m in e  in  c h l o r o f o r m  
and th i s  i s  a w e l l  know n sy n th e t ic  ro u te  to  th i s  c o m p o u n d  a s  w e ll  
a s  i t s  N a lk y l  and  a r y l  d e r i v a t i v e s  (H u g e rs c h o f f ,  1903 and  
E l d e r f i e l d ,  1957). I t  h a s  b e e n  show n th a t  c y c l i s a t i o n  of 
f u r y l t h i o u r e a s  (G re h n  and L in d b e r g ,  1977), p y r r o l y l t h i o u r e a s  
(G re h n ,  1979) and l - a c y l - 3 - ( 3  - t h i e n y l ) - 2 - t h i o u r e a s  (G re h n ,
197 8) m a y  b e  e f fe c te d  in  a  s i m i l a r  w a y .  O n th e  o th e r  h an d ,  
o x id a t io n  of 1- p h e n y l t h io u r e a  by  h y d ro g e n  p e r o x id e  in  e th a n o l  
g iv e s  H e c t o r ’s B a s e  (H e c to r ,  1889), u n t i l  r e c e n t l y  th o u g h t  to  h a v e  
s t r u c t u r e  (73).  O x id a t io n  of 1- m e t h y l - 3 - p h e n y l th io u r e a  by 
n i t r o u s  a c id  in  th e  s a m e  s o lv e n t s  g iv e s  th e  r e l a t e d  c o m p o u n d  (74) 
( C h r i s to p h e r  s e n  e t  a l  1975), b u t  one of th e  p h e n y l  g r o u p s  h a s  a  i
d i f f e r e n t  p o s i t io n  in  th e  m o l e c u le .  A g a in ,  t r e a t m e n t  of 1 ,3 -  ^
d ip h e n y l th io u re a  w ith  b r o m i n e  in  c h l o r o f o r m  g iv e s ,  a s  th e  i s o l a b l e  I
1p ro d u c t  (75) (H u g e rs c h o f f ,  1903). C o m p o u n d s  of th i s  ty p e  a r e  ;;|
J|k now n  a s  H u g e r  s c h o f f ' s B a s e s  and th e  e v id e n c e  f o r  th e  s t r u c t u r a l  C|
a s s ig n m e n t  w i l l  be  d i s c u s s e d  l a t e r .  W e tho u g h t i t  w ould  be of 1i n t e r e s t  to  s tu d y  s y s t e m a t i c a l l y  th e  v a r i a t i o n  of p r o d u c t  w ith  -j
o x id a n t  and  w ith  e x p e r i m e n t a l  c o n d i t io n s ,  and  to  s e e k  a  s in g le  ïij
r e a c t i o n  m e c h a n i s m  w h ich  e x p la in s  th e  r e s u l t s .
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P r e v i o u s  d i s c u s s i o n s  of th i s  m a t t e r  h a v e  b e e n  c o m p l ic a te d  
by u n c e r t a in t y  in  th e  s t r u c t u r e  of th e  r e a c t i o n  p r o d u c t s ,  
p a r t i c u l a r l y  H e c t o r ' s  B a s e  ( K u r z e r ,  1965 and  J o s h u a  e t  a l ,  1961). 
O v e r  th e  y e a r s ,  s in c e  H e c to r  f i r s t  r e p o r t e d  i s o l a t i o n  of the 
c o m p o u n d  th a t  b e a r s  h i s  n a m e ,  v a r io u s  s t r u c t u r e s  h a v e  b e e n  
s u g g e s te d  and  (73) h a s  found g r e a t e s t  f a v o u r  ( K u r z e r ,  1965). 
C h r i s t o p h e r  se n  e t  a l  (197^ a t t e m p te d  a d e f in i t iv e  s t r u c t u r e  
d e t e r m in a t io n  by  p r e p a r i n g  (74) and  a s c e r t a i n e d  i t s  c r y s t a l  s t r u c t u r e  
by X - r a y  a n a l y s i s .  T h i s ,  th e y  c l a im e d ,  i s  an  a n a lo g u e  of a 
1, 2 , 4 - th i a d ia z o le  r e l a t e d  to  H e c t o r ' s  B a s e ,  kn o w n  a s  D o s t ' s  
B a s e  (D ost ,  1906). T h e  l a t t e r  i s  a  r e a r r a n g e m e n t  p r o d u c t  of 
H e c t o r ' s  B a s e ,  m a d e  by  h e a t in g  H e c t o r ' s  B a s e  w ith  e th a n o l ic  
a m m o n ia  in  a s e a le d  tu b e .  T h e se  a u th o r s  c l a im e d  th a t ,  h av in g  
e s ta b l i s h e d  th e  s t r u c t u r e  of (74), a  D o s t - ty p e  B a s e ,  th e n  th e  
b a s e - c a t a l y s e d  r e a r r a n g e m e n t  by w h ich  D o s t ' s  B a s e  i s  m a d e  f r o m  
H e c t o r ' s  B a s e  l e a d s  to  an  u n a m b ig u o u s  s t r u c t u r e  a s s i g n m e n t  f o r  
th e  l a t t e r .  T h e  w e a k  l in k s  in  th e  a r g u m e n t  a r e  o b v io u s .
W e a p p r o a c h e d  th e  p r o b l e m  m o r e  d i r e c t l y  in  a m a n n e r  w h ich  
w i l l  be d i s c u s s e d  th o ro u g h ly  in  th e  n e x t  c h a p t e r .  H e r e ,  we 
m e n t io n  a few  p o in t s  of i n t e r e s t .  T h e  s t r u c t u r e  of H e c t o r ' s  B a s e  
i s  (76) w h ic h  d i f f e r s  f r o m  (73) on ly  in  the  p o s i t i o n s  of a h y d ro g e n  
and a  double  b o nd .  A s tu d y  of th e  n i t r o g e n - 15 n m r  s p e c t r a  of 
H e c t o r ' s  B a s e  and r e l a t e d  c o m p o u n d s  h a s  shown th a t  th i s  
p a r t i c u l a r  a r r a n g e m e n t  p e r s i s t s  in  s o lu t io n .  M o r e o v e r ,  G l id e w e l l  
et a l  (197 8) c o n f i r m e d  th e  s t r u c t u r e  of H e c t o r ' s  B a s e  by  X - r a y  
m e th o d .  In  v iew  of th e  in f o r m a t io n  now a v a i l a b l e ,  p r e v io u s  
d i s c u s s io n s  of th e  s t r u c t u r e  of H e c t o r ' s  B a s e  w i l l  no t be r e v ie w e d .
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S im i l a r l y ,  c a r b o n - 13 and  n i t r o g e n - 15 n m r  s p e c t r a  h a v e  show n, 
w ithou t doubt, th a t  (77) i s  th e  c o r r e c t  s t r u c t u r e  in  s o lu t io n .  T h e r e  
s e e m s  to  be  a  g e n e r a l  p r in c i p l e  w ith  c o m p o u n d s  of th i s  ty p e  th a t ,  
if  p o s s i b l e ,  the  double  b o n d s  a r e  in  th e  r in g  r a t h e r  th a n  e x o c y c l ic .  
D o s t s '  B a s e  i s  n o t  an  a n a lo g u e  of co m p o u n d  (74) f o r  w h ich  
C h r i s t o p h e r  sen  e t  a l  (1975) o b ta in e d  a c r y s t a l  s t r u c t u r e .  In  (74) 
th e  N - m e th y l  g ro u p s  f o r c e  th e  doub le  b o n d s  to  be  e x o c y c l i c .  T h i s  
d i f f e r e n c e ,  a s  w e s h a l l  s e e  l a t e r ,  i s  of so m e  i m p o r t a n c e .
T h e  f i r s t  s te p  i s  to  e x a m in e  s y s t e m a t i c a l l y  the  p r o d u c t s  of 
o x id a t io n  of N - s u b s t i t u t e d  t h i o u r e a s  u n d e r  d i f f e r e n t  e x p e r i m e n t a l  
c o n d i t io n s .
1) 1 - P h e n y l th io u r  ea
R e a c t io n  w ith  a  tw o - fo ld  e x c e s s  of an y  one  of t h r e e  o x id is in g  
a g e n t s ,  h y d r o g e n  p e r o x id e ,  n i t r o u s  a c id ,  and b r o m in e  in  e th a n o l  
g ave  th e  s a m e  p r o d u c t .  H e c t o r ' s  B a s e .  T h e  p ro d u c t  w as  o b ta in e d  
in  h igh  y ie ld  and  no  i s o l a b l e  h e t e r o c y c l i c  b y - p r o d u c t s  w e r e  o b ta in e d .  
W ith  d r y  c h l o r o f o r m  a s  s o lv e n t  th e  p r o d u c t  on o x id a t io n  w ith  b r o m i n e  
w a s  2 - a m in o b e n z o th ia z o le  (72).  A d d it io n  of a  s m a l l  q u a n t i ty  of 
w a te r  r e s u l t e d  in  a  m a r k e d  d im in u t io n  in  the  y ie ld  of th i s  m a t e r i a l .
2) 1 - M e th y l -  3 - p h e n y l th io u r e a
R e a c t io n  w ith  a n y  of th e  ab o v e  o x id is in g  a g e n t s  in  e th a n o l  
r e s u l t e d  in  f o r m a t io n  of the  s a m e  co m p o u n d  (74). N i t r o u s  a c id  
w a s  th e  o x id a n t  u s e d  by  C h r i s t o p h e r  s e n  e t  a l  (1975) in  p r e p a r i n g  
th i s  m a t e r i a l  f o r  t h e i r  X - r a y  s tu d y  and th e  p r o d u c t s  of th e  o th e r  
r e a c t i o n s  w e r e  show n to  be  i d e n t i c a l  by  m ix e d  m e l t i n g  p o in t  and  
by  c o m p a r i s o n  of the  n m r  s p e c t r a .
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c o r r e s p o n d in g  to  th e  G=N g ro u p .  In  th e  p r o to n  n m r  s p e c t r u m  th e  
a r o m a t i c  p r o to n s  f o r m e d  an  u n r e s o lv e d  p e a k  a t  S 6 , 8 6 - 7 . 5 4  (20H) 
and t h e r e  w a s  a m u c h  s m a l l e r  p e a k  a t  8 .6 3  p p m ,  w h ich  w e a s s ig n e d  
to  the  two NH g r o u p s .  T h e  t r u l y  d ia g n o s t ic  f e a t u r e  of ( 7 8c) w a s  
i t s  c a r b o n - 13 n m r  s p e c t r u m .  T h e  p r e s e n c e  of o n ly  f iv e  s ig n a l s  
in d ic a te  a  h ig h ly  s y m m e t r i c a l  m o l e c u le .  If  th e  m o b i l i ty  of the  
N H  p r o to n s  i s  c o n s id e r e d  th e n  th e  r e a s o n  f o r  th e  s y m m e t r y  is  
c l e a r .  T h e  n o n - a r o m a t i c  c a r b o n  a to m  r e s o n a t e s  a t  S 1 5 3 ,3  p p m  
and r e m a i n s  a s  a s in g le t  in  th e  o f f - r e s o n a n c e  s p e c t r u m .
B e f o r e  c o n s i d e r a t i o n  of the  m e c h a n i s m  of t h i o u r e a  o x id a t io n  
and th e  n o n - a p p e a r a n c e  of (80) a s  a r e a c t io n  p r o d u c t ,  we m u s t
3) 1, 3 - D ip h e n y l th io u r e a  I
T h i s  m a t e r i a l  i s  o n ly  s l ig h t ly  so lu b le  in  e th a n o l .  T h e r e f o r e ,  
i t  w a s  d i s s o lv e d  in  c h l o r o f o r m  an d  e th a n o l  w a s  ad d ed  u n t i l  |
p r e c i p i t a t i o n  c o m m e n c e d .  T h e n  th e  o x id i s in g  a g e n t  w a s  a d d e d .  |
T w o  c o m p o u n d s  (7 8c) and  (75) w e r e  i s o la te d  f r o m  th e  p r o d u c t  of 
r e a c t io n  w h ile  th e  l a t t e r  p r e d o m i n a te d .  No c o m p o u n d  e q u iv a le n t  
to  (74), ie  (79), w a s  o b ta in e d .  T h e  H u g e r s c h o f f  B a s e  (75) i s  th e  
p r o d u c t  of i n t e r e s t  and  w e w i l l  c o n s i d e r  i t s  id e n t i f i c a t i o n  l a t e r .
F o r  th e  m o m e n t  w e w il l  l i m i t  d i s c u s s io n  to  th e  o th e r  p r o d u c t  of 
r e a c t io n  (78c) ,
E l e m e n t a l  a n a l y s i s  of (78c) in d ic a te d  an  e m p i r i c a l  f o r m u l a  of
C ^^H ^^N ^S , b u t  no  m o l e c u l a r  io n  p e a k  in  the  m a s s  s p e c t r u m
c o r r e s p o n d in g  to  th i s  f o r m u l a  w a s  o b s e r v e d .  I t  p r o b a b ly
f r a g m e n te d  in to  tw o  h a l v e s  ( m / e  195) w ith  e l im in a t io n  of e l e m e n t a l
su lp h u r  ( m / e  32), T h e  f r a g m e n ta t io n  p a t t e r n  i s  show n in  S c h e m e  15,




d i s c u s s  th e  s t r u c t u r e  of the  H u g e r s c h o f f ' s B a s e s .  F r o m  1- m e t h y l - 
3 -p h e n y l th io u r e a  i t  i s  p o s s i b l e  to  p r e p a r e ,  in  a  m a n n e r  w h ic h  w il l  
be d e s c r i b e d  p r e s e n t l y ,  a  H u g e r s c h o f f  ’ s B a s e  f o r  w h ic h  a t  l e a s t  
t h r e e  d i f f e r e n t  s t r u c t u r e s  (80 )-(82 )  h a v e  b e e n  p r o p o s e d  (V e r m a  and  
S a r k a r ,  1962; S u r e s h  and  R a o ,  1 960; and  S r iv a s t a v a ,  1963),
E le m e n ta l  a n a l y s i s  and th e  m o l e c u l a r  io n  p e a k  in  th e  m a s s  
s p e c t r u m  in d ic a te  th e  c o r r e c t  m o l e c u l a r  f o r m u l a  and  f r o m  th e  i r  
s p e c t r u m  i t  i s  c l e a r  th a t  th e  m o l e c u le  c o n ta in s  C=N and NH g r o u p s .  
F r o m  th e  p ro to n  n m r  s p e c t r u m  t h e r e  i s  e v id e n c e  f o r  two d i f f e r e n t  
m e th y l  g r o u p s ,  a r o m a t i c  p r o to n s ,  and a s in g le  e x c h a n g e a b le  p r o to n  
a t 5 4 ,9 5  (NH), T h e  f a c t  th a t  the  NH p ro to n  i s  no t s p l i t  m e a n s  th a t  
(82) c a n n o t  be  c o r r e c t .  In  th e  c a r b o n - 13 n m r  s p e c t r u m  t h e r e  
w e r e  f iv e  s ig n a l s  f o r  f iv e  n o n - p r o to n a t e d  c a r b o n  a t o m s  a t  b  1 3 2 ,0 ,
14 6,9» 1 5 0 ,7 ,  1 5 1 ,2  and 1 6 4 ,7  p p m .  In  a m o d e l  c o m p o u n d ,
2 -m e th y la m in o b e n z o th ia z o le  (83),  th e  c h e m ic a l  s h i f t s  of the  n o n -  
p r o to n a te d  c a r b o n  a t o m s  a r e  a t  S 1 1 7 ,7 ,  1 5 2 ,0  and  1 6 8 ,3  p p m  
( C h r i s t o p h e r s e n  e t  a l ,  1975). T h e  c o r r e s p o n d e n c e  b e tw e e n  th e s e  
and th o s e  of the  H u g e r s c h o f f ' s B a s e  a r e  su ch  th a t  a  s t r u c t u r a l  
a s s ig n m e n t  i s  no t p o s s i b l e  and th e  f i g u r e s  a r e  c o n s i s t e n t  w ith  bo th  
(80) and (81). T h e  n i t r o g e n - 15 n m r  s p e c t r u m  of th e  H u g e r s c h o f f ‘s 
B a s e  h a s  s ig n a l s  a t  6 - 1 5 1 ,  -1 9 1 ,  -2 6 0 ,  and -3 3 5  p p m  ( f r o m  
n i t r o m e t h a n e ) , In  (81) t h e r e  a r e  a l m o s t  two s i m i l a r  C =N g ro u p s  
but in  th e  n m r  s p e c t r u m  a l l  th e  s ig n a l s  a r e  w id e ly  s e p a r a t e d  and  
so (80) i s  f a v o u r e d .  T h e  l a s t  t h r e e  s ig n a l s  a r e  r ig h t  f o r  a 
guan id ino  s y s t e m  ( s e e  n e x t  c h a p te r )  w h ich  l e a v e s  th e  s ig n a l  a t  
5 -151  p p m  a s s ig n e d  to  th e  n i t r o g e n  of the th ia z o le  r in g .  T h i s  
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b e n z o th ia z o le  i t s e l f ,  w h e r e  th e  s ig n a l  i s  a t  'S -6 0  p p m .  We 
c a n n o t  e x p la in  th i s  d i s c r e p a n c y .
W e c a n  now c o n s i d e r  th e  s t r u c t u r e  of th e  H u g e r s c h o f f ' s 
B a s e  o b ta in e d  f r o m  1, 3 -d ip h e n y l th io u re a ,  f o r  w h ic h  w e h av e  
a l r e a d y  p r o p o s e d  (75) by  a n a lo g y  w ith  (80). T h e r e  i s  no 
m o l e c u l a r  io n  p e a k  in  th e  m a s s  s p e c t r u m  but t h e r e  a r e  f r a g m e n t s  
( m / e  225 , 195 and 135) w h ich  a r e  c o n s i s t e n t  w ith  th e  bond f i s s i o n s  
a s  shown in  S c h e m e  16, T h e  m a s s  s p e c t r a  of c o m p o u n d s  of th i s  
ty p e  h av e  b e e n  c o n s id e r e d  by J o s h u a  and  R a j a s e k h a r a m  ( 1977) 
in  s o m e  d e t a i l .  T h e  p r o to n  n m r  s p e c t r u m  show ed  o n ly  a n u m b e r  
of o v e r la p p in g  a r o m a t i c  p r o to n s  and the  NH p r o to n s  co u ld  no t be  *
d i s c e r n e d .  In  th e  c a r b o n - 13 n m r  s p e c t r u m  t h e r e  w e r e  s ig n a l s  
c o r r e s p o n d in g  to  th e  p r o to n a t e d  a r o m a t i c  c a r b o n  a t o m s  in  th e  
r a n g e  $ 118. 1 - 1 3 1 .9  and s e v e n  o th e r  s ig n a l s ,  w h ic h  r e m a in e d  
a s  s in g le t s  in  th e  o f f - r e s o n a n c e  s p e c t r u m  a t  § 1 3 2 .4 6 ,  1 4 0 .8 7 ,
143. 07 , 1 4 3 .1 5 ,  145. 67, 1 5 0 .5 5  and 164 .4  8 p p m . T h e s e  d a ta  a r e  
c o n s i s t e n t  w ith  s t r u c t u r e  (7 5). In  the n i t r o g e n - 15 n m r  s p e c t r u m  
t h e r e  a r e  on ly  tw o s ig n a l s .  O ne a t  h -1 2 0  p p m  w h ich  w e a s s i g n  
to  th e  n i t r o g e n  of th e  b e n z o th ia z o le  r in g  and th e  o t h e r ,  a t  5 -2 6 0  p p m ;  
to  th e  N P h  g ro u p .  B e c a u s e  of th e  t a u t o m e r i s m  of the  tw o t e r m i n a l  
N P h  g ro u p s  r e s u l t s  in  b r o a d e n in g  and  so s ig n a l s  f o r  t h e s e  tw o 
n i t r o g e n s  a r e  no t o b s e r v e d  (L e v y  and  L i c h t e r ,  1979).
T h e  k e y  o b s e r v a t i o n s  in  p ro p o s in g  a m e c h a n i s m  w h ic h  e x p la in s  
th e  d i f f e r e n t  p r o d u c t s  o b ta in e d  on o x id a t io n  of t h i o u r e a s  i s  th e  
c o n v e r s io n  of 3, 5 - b i s ( p h e n y l im in o ) - 1 , 2 , 4 - th i a d ia z o l id i n e s  l ik e  (74) 
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th a t ,  in  th e  o x id a t io n  of 1- m e t h y l - 3 - p h e n y l t h i o u r e a ,  bo th  (74) 
and (80) a r e  f o r m e d ,  b u t  th a t  the  r e l a t i v e  a m o u n ts  of (74) and  
(80) d e c r e a s e s  if  th e  a c id ic  so lu t io n  i s  a l lo w e d  to  s ta n d ,
C h r i s t o p h e r  sen  e t  a l  (1975) r e f lu x e d  (74) in  a 1 M H C l f o r  4 5 
m i n u te s  and  o b ta in e d  (80) in  82% y ie ld .  I t  s e e m s  p o s s i b l e  th a t  
no (79) is  i s o la t e d  f r o m  th e  o x id a t io n  of 1, 3 -d ip h e n y l th io u re a  
b e c a u s e  i t  i s  s u s c e p t ib le  to  a c i d - c a t a l y s e d  r e a r r a n g e m e n t  and  
r a p id ly  c o n v e r t e d  in to  th e  H u g e r s c h o f f ’s B a s e  (7 5). T h i s  w a s  
c o n f i r m e d  by  e x p e r i m e n t .
W ith  the  o x id i s in g  a g e n t s  u s e d  so f a r ,  e i t h e r  a c id  i s  added  
o r  g e n e r a te d  d u r in g  th e  r e a c t i o n .  H o w e v e r ,  K in o s h i t a  e t  a l  (197 6) 
r e p o r t e d  th a t  1, 2, 4 - th i a d ia z o l id in e s  m a y  be p r e p a r e d  f r o m  
t h i o u r e a s  by  o x id a t io n  w ith  b e n z o y l  p e ro x id e  (B P O ) .  We a r e  n o t  
c o n c e r n e d  h e r e  w ith  t h e i r  p r o p o s e d  r a d i c a l  m e c h a n i s m ,  bu t th i s  
sy n th e t ic  p r o c e d u r e  d id  p e r m i t  i s o la t io n  of a  s m a l l  q u a n t i ty  of (79). 
T h e  m a in  p r o d u c t s  of r e a c t i o n  w e r e  s t i l l  (7 5) and  (7 8 c ) .  T h e  
s t r u c t u r e  of th i s  p ro d u c t  (79) w a s  d e d u ce d  by K in o s h i ta  e t  a l  (1976) 
f r o m  an  e x a m in a t io n  of the  m a s s  s p e c t r u m .  W h en  (79) w as  w a r m e d  
w ith  1 M H C l f o r  a  few  m i n u te s  and  the  p ro d u c t  e x t r a c t e d  w a s  found 
to  be  (75). W e c o n c lu d e ,  t h e r e f o r e ,  th a t  H u g e r s c h o f f 's  B a s e s  
a r e  f o r m e d  f r o m  t h i o u r e a s  v ia  1 ,2 ,  4 - t h i a d i a z o l i d i n e s . T h e  e a s e  
of a c i d - c a t a l y s e d  r e a r r a n g e m e n t  d e p e n d s  d r a m a t i c a l l y  upon  th e  
s u b s t i tu t io n .  W ith  f o u r  p h e n y l  g ro u p s  i e .  (79) i t  i s  r a p id  b u t,  if 
two a r e  r e p l a c e d  by  m e th y l  g r o u p s ,  i e .  (74), th e n  r e a c t i o n  o c c u r s  
m u c h  l e s s  r e a d i l y .  H e c t o r ’s B a s e  (76) and  D o s t ' s  B a s e  (77) m a y  
be r e c o v e r e d  u n c h a n g e d  f r o m  b o il in g  1 M H C l.  M é th y la t io n  h a s  
no e f fe c t  f o r  (84) and  (85) a r e  e q u a l ly  u n r e a c t i v e .
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W e now  s u g g e s t  a m e c h a n i s m  of r e a c t i o n  w h ich  i s  c o n s i s t e n t  
w ith  t h e s e  o b s e r v a t i o n s .  A s  th e  r e a r r a n g e m e n t  i s  a c i d - c a t a l y s e d  
and in v o lv e s  c y c l i s a t i o n  we p r o p o s e  e l e c t r o p h i l i c  s u b s t i tu t io n  by 
e le c t r o p h i l i c  s u lp h u r  (S c h e m e  17). T h e  p r o d u c t iv e  p ro to n a t io n  of 
the  1, 2, 4 - th i a d ia z o l id i n e  i s  a t  N(2) and f i s s io n  of th e  N -S  bond 0
g e n e r a t e s  a  su-lphenium  io n .  P o s i t i v e  s u lp h u r  i s  a w e a k  e l e c t r o p h i l e  
bu t the  p h e n y l  g ro u p  u n d e r  a t t a c k  i s  a c t iv a t e d ,  a s  shown in  (86), by  
th e  a m id in o  g ro u p .  T h e  s low  s te p  i s  e l e c t r o p h i l i c  a t t a c k  to  g ive  
the  i n t e r m e d i a t e  (87), f r o m  w h ic h  r a p id  i r r e v e r s i b l e  p ro  ton  lo s s  
o c c u r s  to  g ive  th e  p r o d u c t .  If  R = M e th e n  N(2) w i l l  be  s t r o n g ly  
n u c le o p h i l lc  and r e c y c l i s a t i o n  i s  th e  p r e d o m in a n t  r e a c t i o n .  T h e  
a l t e r n a t i v e  p a th  to  (87) i s ,  t h e r e f o r e , d i s f a v o u r e d .  H o w e v e r ,  
if  R = P h  th e n  N(2) i s  m u c h  l e s s  n u c le o p h i l l c  and  f o r m a t i o n  of (87) 
a m o r e  l i k e ly  p r o c e s s .  W e h a v e ,  th u s ,  e x p la in e d  th e  e f fe c t  of 
s u b s t i tu t io n s  u pon  th e  r e a c t i o n  r a t e .
H e c t o r ' s  B a s e  d o e s  n o t  u n d e r g o  a s i m i l a r  r e a c t i o n  f o r  two 
r e a s o n s .  F i r s t l y ,  p r o to n a t io n  of th e  e x o c y c l ic  NH g ro u p  p r o d u c e s  
a  h e t e r o a r o m a t i c  c a t io n  (88) and  th u s  p r o to n a t io n  a t  N(2) i s  
d im in i s h e d .  T h e r e  i s  e x p e r i m e n t a l  e v id e n c e  to  s u p p o r t  
e x o c y c l ic  p r o to n a t io n  ( B u t l e r ,  1978). S econd ,  t h e r e  i s  no 
a p p r o p r i a t e l y  p la c e d  p h e n y l  g ro u p  f o r  c y c l i s a t i o n  and f i s s io n  of th e  
N -S  bond  cou ld  o n ly  r e s u l t  in  f r a g m e n ta t io n  of th e  m o le c u le  and  
lo s s  of a r o m a t i c i t y .  D o s t s ' s  B a s e  (77) i s  a l r e a d y  h e t e r o a r o m a t i c  
and  f i s s i o n  of th e  N -S  bond i s  h ig h ly  u n l ik e ly  in  v ie w  of the  
a r o m a  t i c i t y  l o s t ,  a l th o u g h  t h e r e  i s  a  p h en y l g ro u p  r ig h t  f o r  a t t a c k  
by  e l e c t r o p h i l i c  s u lp h u r .  T h e  a r o m a t i c i t y  of D o s t ' s  B a s e  i s  
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H e c t o r ' s  B a s e  by  h e a t in g  th e  l a t t e r  w ith  e th a n o l ic  a m m o n ia  in  
a s e a le d  tu b e .
W e c a n  t e s t  th e  a c t iv a t in g  e f fe c t  of th e  a m id in o  g ro u p  upon  
th e  p h e n y l  g ro u p  by  e x a m in in g  th e  e f fe c t  of th e  i n s e r t i o n  of a 
m e th y le n e  g ro u p  b e tw e e n  th e  tw o .  2, 4 - D i b e n z y l - 3, 5 - b i s -  
( b e n z y l im in o ) - 1, 2 , 4 - th i a d ia z o l id in e  (89) w as  p r e p a r e d  by  o x id a t io n  of 
1 ,3-d ibenzylth io iurea w ith  B P O  (K in o sh i ta  e t  a l  1976). F o r m a t i o n  
of (90) i s  p o s s i b l e  if  th e  s u lp h e n iu m  io n  i n t e r m e d i a t e  r e a c t s  in  th e  
s a m e  m a n n e r  a s  p r e v i o u s l y  d e s c r i b e d .  H o w e v e r ,  th e  a c t io n  of 
bo il ing  1 M H C l on (89) w a s  th e  f o r m a t io n  of 1, 3 - d ib e n z y lu r e a  a s  
the  on ly  i s o la b le  p r o d u c t .  T h u s ,  i t  i s  c l e a r  th a t  th e  a c t iv a t io n  of 
p h en y l  g ro u p  i s  n e c e s s a r y  if  c y c l i s a t i o n  i s  to  o c c u r .
T h e  r e m a in in g  p r o b l e m  i s  th e  f o r m a t io n  of 1 , 2 , 4  - t h i a d ia z o l id i n e s  
r e s u l t i n g  f r o m  o x id a t io n  of t h i o u r e a s  w ith  v a r io u s  o x id is in g  a g e n t .
In  th e  p a s t ,  s e v e r a l  m e c h a n i s t i c  s c h e m e s  ( S r iv a s t a v a ,  1 963;
K u r z e r  and S a n d e r s o n ,  1959, 1963; J o s h u a  and  R a j a s e k h a r a m ,  1977; 
and K in o s h i ta  e t  a l ,  1976) .h a v e  b e e n  p r o p o s e d ,  bu t none  of th e m  
s e e m s  to  b e  c o n c lu s iv e .  In  v ie w  of th i s  c o m p le x i ty ,  w e r e v i s e d  
th e  o x id a t io n  of N - s u b s t i t u t e d  t h i o u r e a s  (1 - p h e n y l t h io u r e a ,  1- m e t h y l -
3 - p h e n y l th io u r e a  and  1, 3 - d ip h e n y l th io u re a )  w ith  h y d ro g e n  p e r o x id e ,  
n i t r o u s  a c id ,  B P O  and  b r o m i n e  in  a c id  s o lu t io n .  In  e a c h  c a s e  
id e n t i c a l  c o m p o u n d s  (76, 74 and  79) w e r e  o b ta in e d ,  no m a t t e r  
w ha t th e  o x id a n t  m i g h t  b e .  C o m p o u n d  (79) w a s  found to  b e  e x t r e m e l y  
s e n s i t iv e  to  a c id  and  r e a d i ly  r e a r r a n g e d  to  (75). T h e  c a u s e  of 
th i s  r e a r r a n g e m e n t  h a d  a l r e a d y  b e e n  e x p la in e d .  H o w e v e r ,  we
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p r o p o s e  a  r e a c t io n  m e c h a n i s m  in  S c h e m e  18, w h e r e  r a p id  
c o n s u m p t io n  of o x id a n t  bu t s low  a p p e a r a n c e  of s u lp h u r  s u g g e s t s  
s e v e r a l  s t e p s .  T h e r e  a p p e a r s  to  be  a  g e n e r a l  a g r e e m e n t  th a t  
the  f i r s t  s te p  in  th e  r e a c t i o n  i s  f o r m a t i o n  of a  d i t h i o b i s f o r m a m i d i n e , 
i e .  (91) ( S a h a s r a b u d h e y  and  N a m b u r y ,  1958; K u r z e r  and  S a n d e r s o n ,  
1959 , 1963; and S r i v a s t a v a ,  1963), T h i s  co m p o u n d  (91) w a s  a l s o  
p r e p a r e d  by p a r t i a l . o x i d a t i o n  of 1- p h e n y l th io u r e a  ( K u r z e r  and  
S a n d e r s o n ,  1959). I t  i s  in s o lu b le  in  n o n p o la r  s o lv e n t s  and in  
p o l a r  s o lv e n ts  i t  d i s s o l v e s  w i th  s low  f o r m a t io n  of c o l lo id a l  s u lp h u r .  
T h u s ,  no s p e c t r a l  d a ta  co u ld  be  o b ta in e d  w ith  s o lv e n ts  r e g u l a r l y  
u s e d  f o r  n m r  s p e c t r o s c o p y .  H o w e v e r ,  i t  i s  s o lu b le  in  T F A  w ith o u t  
f o r m a t io n  of s u lp h u r  and  co u ld  b e  r e c o v e r e d  u n c h a n g e d  f r o m  th i s  
so lv e n t .  A lth o u g h ,  n o n e  of th e  s p e c t r a l  d a ta  r e c o r d e d  c h a r a c t e r i s e s  
th e  m a t e r i a l  y e t ,  i t  i s  c e r t a i n l y  no t 1- p h e n y l t h io u r e a .  C o m p o u n d  
(91a) i s  a  w h ite  s o l id ,  m e l t s  a t  146° ( l i t .  m .  p .  9 6 -1 0 0 ° ,  d e c , ,  K u r z e r  
and S a n d e r s o n ,  1969) an d  sh o w s  d e p r e s s i o n  in  m ix e d  m e l t i n g  p o in t  
(100- 120^) w i th  p u r e  1- p h e n y l t h io u r e a .  T h e  m a s s  s p e c t r u m  d o e s
n o t p ro v id e  any  u s e f u l  i n f o r m a t io n  e x c e p t  p e a k s  a t  m / e  7 9 ,  80, 81
7 0  7 0  Q1and 82 w h ich  a r e  d u e  to  B r  , H B r  , B r  and H B r  . T h e
m o s t  s t r ik i n g  f e a t u r e  in  i r  s p e c t r u m  i s  th a t  th e  s t r e t c h i n g  v ib r a t i o n
of C=S i s  m i s s i n g  w h ile  in  p u r e  p h e n y l th io u r e a  i t  a b s o r b s  a t  1060 c m  ^ .
T h e  p r o to n  n m r  s p e c t r u m  e x h ib i t s  a  m u l t ip l e t  a t 6 7 , 3 4 - 7 . 7 2  (lOH)
and a  b ro a d  s in g le t  a t  8. 06 (2H) p p m ,  w h ile  the  r e m a in in g  tw o NH
p r o to n s  e x c h a n g e  w i th  s o lv e n t .  T h e  c a r b o n - 13 n m r  s p e c t r u m  is
e q u a l ly  good an d ,  show s t h r e e  r e s o n a n c e s  a t  S 1 2 7 .2 2 ,  1 3 3 .0 4  and
1 3 4 .2 5  p p m  w h ile  p h e n y l th io u r e a  h av e  f ive  a b s o r p t i o n  a t  5 127. 19,
1 3 1 .6 1 ,  1 3 1 ,8 2 ,  1 3 4 ,9 2  and  a  b r o a d  one a t  1 7 0 .3 1  ( C p p m .
91
M o r e o v e r ,  c o m p o u n d  (91a) d o e s  no t show any  a b s o r p t i o n  p e r t a in in g  
to  C=S a n d ,  C =N p e a k  p r o b a b ly ,  h a s  s u p r e s s e d  due to  th e  e f fe c t  of 
q u a d ru p o le  m o m e n t  of n i t r o g e n  a to m s  s i tu a te d  on  e i t h e r  s id e  of 
c a r b o n .  D e s p i te  t h i s ,  h e a v y  p ro to n a t io n  on n i t r o g e n  a to m s  m a y  
h av e  f u r t h e r  a g g r a v a t e d  th e  s i tu a t io n .  In  a d d i t io n  to  t h e s e  f a c t s ,  
we a l s o  f e e l  th a t  th e  e v id e n c e  ad d u c e d  by  K u r z e r  and  S a n d e r s o n  
( 1959) i s  s u f f ic ie n t ly  c o n v in c in g  to  m ake, s t r u c t u r e  (91a) c e r t a i n .
S r iv a s t a v a  (1963), J o s h u a  and  R a j a s e k h a r a m  (1977) h a v e
s u g g e s te d  th a t  d i th io b i  s f o r m a m i d in e  (91c) (R ^  =R ^  =R ^  =R^ =Ph)
c h a n g e s  to  m o n o  su lp h id e  (7 8c) w h ich  in  t u r n  i s o m e r i s e s  to  (92)
and (93), e a c h  le a d in g  to  d i f f e r e n t  t h i a d i a z o le s  u p o n  c y c l i s a t i o n .
We w e r e  s u c c e s s f u l  in  i s o l a t i n g  (78c) a lo n g w ith  (75) and  (79) in
the o x id a t io n  of 1, 3 - d ip h e n y l th io u r e a .  T h e  y ie ld  of ( 7 8c) d e p e n d s
upon  th e  n a t u r e  of o x id a n t  a s  h a s  b e e n  m e n t io n e d  in  E x p e r i m e n t a l
s e c t io n .  W hen  c o m p o u n d  (78c) in  o u r  p r e s e n t  o x id a t iv e  c o n d i t io n s
w as  s t i r r e d  a t  r o o m  t e m p e r a t u r e  and a t  b o i l in g  s t a t e ,  n o th in g  new
w as  o b ta in e d  and s t a r t i n g  m a t e r i a l  w a s  r e c o v e r e d .  H o w e v e r ,  o u r
f in d in g s  do no t a g r e e  w ith  th e  w o rk  of S r i v a s t a v a  (1963), J o s h u a
and R a j a s e k h a r a m  (1977), but p a r t i a l l y  s u p p o r t  the  a s s i g n m e n t  of
K u r z e r  and  S a n d e r s o n  (1959)o T h e  h y d ro ly t ic  c l e a v a g e  of d is u lp h id e
link  of (91) y ie ld s  N - s u b s t i t u t e d  t h i o u r e a  (94) and  a n  i n t e r m e d i a t e
h ig h ly  la b i le  s u lp h e n ic  a c id  (95). T h e  e x i s t e n c e  of an  a n a lo g o u s
NH
su lp h in ic  a c id  H ^ N —6  —SO^H o b ta in e d  f r o m  t h i o u r e a  o r  d i th io -  
f o r m a m id in e  s a l t s  on o x id a t io n  i s  w e ll  e s t a b l i s h e d  ( B a r n e t t ,  1910; 
and B o e s k e n ,  1 9 3 6, 194 8). D e c o m p o s i t io n  of th e  h y p o th e t ic a l  
i n t e r m e d i a t e  (95) m ig h t  p r o c e e d  to  (96) w h ich  in  t u r n  c o n d e n s e d  
w ith  N - s u b s t i t u t e d  th i o u r e a  to  y ie ld  (92) and  (93), e s p e c i a l l y
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w hen  N - s u b s t i tu e n t s  a r e  d i f f e r e n t .  I f  the  N~ s u b s t i tu e n t s  a r e  
s i m i l a r  th e n  o n ly  one p r o d u c t  w i l l  d o m in a te .  In  th e  o x id a t io n  #
■ft
of 1- m e t h y l - 3 - p h e n y l t h i o u r e a  w ith  n i t r o u s  a c id ,  th e  p r o d u c t  
i s o la t e d  w a s  c o n c lu s iv e ly  show n to  p o s s e s s  th e  s t r u c t u r e  (74)
Is tu d ie d  b y  X - r a y  c r y s t a l l o g r a p h i c  te c h n iq u e  ( C h r i s t o p h e r s e n  Æ
et a l ,  1975). A p p a r e n t ly  th e n ,  d u r in g  c o n d e n s a t io n  th e  NR^
'"52 1 3 (R = M e ,R  =Ph) g ro u p  w h ich  i s  th e  m o r e  n u c le o p h i l i c  p a r t  of
m o le c u le  w il l  a t t a c k  (96) f i r s t  to  g ive  (92) and  f o r m a t i o n  of (93)
s e e m s  to  be u n l ik e ly  (S ch em e  18). I t  i s  a w e l l  kn o w n  fa c t
( J o s h u a ,  1962) th a t  a m id in o  th i o u r e a  s w h ic h  a r e  the  p r e c u r s o r s
of t h i a d i a z o l e s  can  be o b ta in e d  by th e  c o n d e n s a t io n  of c y a n a m id e s
o r  c a r b o d i i m i d e s  w ith  th e  a p p r o p r i a t e  t h i o u r e a s .  F u r t h e r
e v id e n c e  c o m e s  f r o m  th e  h y d r o g e n  su lp h id e  r e d u c t io n  of (74) in
a c id ic  so lu t io n  i s  (92), n o t  (93) ( Jo sh u a ,  1977). H e n c e  we b e l ie v e
th a t  i n t e r m e d i a t e  (96) i s  e s s e n t i a l  and  p la y s  a  v e r y  im p o r t a n t  r o le
in  th e  f o r m a t i o n  of a m id in o  th io u r  ea  s (92) w h ich  s u b s e q u e n t ly ,
u n d e r  o x id a t iv e  c o n d i t io n s  c h a n g e  to  1, 2 , 4 - t h i a d i a z o l e s .  M o re
r e c e n t ly ,  an  i n t e r m e d i a t e  (97) a k in  to  (92) w a s  i s o la te d  by
K in o s h i ta  e t  a l  (1976) on o x id a t io n  of 1, 3 - d ie th y l th io u r  ea  w ith  a
i
l im i t e d  a m o u n t  of B P O .  I t s  s t r u c t u r e  w a s  c o n f i r m e d  by s e v e r a l  S
m e a n s  and f u r t h e r  r e a c t i o n  w ith  B P O  gave  2 , 4 - d i e t h y l - 3, 5 - b i s -  
(e th y l im in o )  - 1 ,  2, 4 - th i a d i a z o l id i n e  ( 98). S i m i l a r l y ,  t r e a t m e n t  of
N - m e th y l  - 4 - m o  rp h o l in e th io c  a r  b o x a m id  e (99) w ith  B P O  gave
1 2  1 N , N - d im e th y l - N  - m o  rp h o l in o th io c  a r  b o n y l-  4 - m o  rp h o l in e  "
c a r b o x a m id in e  (100) w h ich  i s  a l s o  a n  a n a lo g u e  of th e  i n t e r m e d i a t e
( 92) an d  p r o v i d e s  u n a m b ig u o u s  p r o o f  th a t  i t  i s  th e  a m id in o t h io u r e a s
w h ich  a r e  th e  p r e c u r s o r s  of 1, 2, 4 - th i a d i a z o l e s  and  m o n o  su lp h id e  (78)
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h a s  no th in g  to do w i th  i t .  C o m p o u n d  (78) c a m e  o u t  d u r i n g  
o x id a t io n  p r o c e s s  a s  a  s ide  p r o d u c t  ( S c h e m e  18). T h e  s t r u c t u r e  
of (100) w a s  d e t e r m i n e d  by  X - r a y  a n a l y s i s  (K in o h i t a  e t  a l ,  1976).
E f f e c t  of b a s e  on  H e c t o r ' s  B a s e  a d d u c t s
H e c t o r ' s  B a s e  (76) ( H e c t o r ,  1889) f o r m s  a d d u c t s  of two d i f f e r e n t  
t y p e s .  W i th  c a r b o n  d i s u l p h i d e  the  o r i g i n a l  r i n g  o p e n s  and  a  n ew  
r i n g  f o r m s  to  g ive (101) ( F r o m m  and  H e y d e r ,  1 909) and  G l id e w e l l  et  a l  
(197 8) c o n f i r m e d  i t s  s t r u c t u r e  by  X - r a y  c r y s t a l l o g r a p h i c  m e t h o d .
Bu t ,  w i th  p h e n y l  and  m e t h y l  i s o t h i o c y a n a t e s ,  a d d i t io n  g iv e s  (102a) 
and (102b) a s  w i l l  be  d i s c u s s e d  in  d e t a i l  in  t h e  n e x t  c h a p t e r .  T h e  
r e a c t i o n  s to p s  a t  t h a t  s t a g e  and no  new  r i n g  f o r m s .  I t  i s  p r o b a b l e  
th a t  t h e  f i r s t  s t e p  in the  f o r m a t i o n  of (101) i s  an  a d d u c t  of ty p e  (102) 
and r i n g  open ing  and  c y c l i s a t i o n  a r e  s u b s e q u e n t  s t e p s ,  p o s s i b l y  
go ing  t h r o u g h  a n  i n t e r m e d i a t e  (103) c o n t a in in g  ' h y p e r v a l e n t '  s u l p h u r . 
We th ough t  i t  m i g h t  b e  p o s s i b l e  to  m a k e  (102) c o n t in u e  th e  r e a c t i o n  
s e q u e n c e ,  w i th  f o r m a t i o n  of a  r in g  c o n t a in in g  an S -S  bond ,  by  a c t i o n  
of  a  b a s e .  We e x a m i n e d ,  t h e r e f o r e ,  t h e  a c t i o n  of b a s e  on bo th  (101) 
and  ( 102).
R e a c t i o n  of (101) w i th  s o d iu m  h y d r o x i d e  in m e t h a n o l / D M F  
s o lu t io n  r e s u l t e d  in  f o r m a t i o n  of ye l low  so l id  of f o r m u l a  CgH^N^iS^.
T h e  i r  s p e c t r u m  s u g g e s t e d  th e  p r e s e n c e  of  NH, C=N and C=S g r o u p s  
and  f r o m  the  c a r b o n - 13 n m r  s p e c t r u m  we d e d u c e d  th a t  t h e r e  a r e  
t h r e e  t e r t i a r y  c a r b o n  a t o m s  a t  S 1 3 7 .9 ,  179. 1 and  2 0 9 . 3  p p m .
T h e s e  d a t a  a r e  c o n s i s t e n t  w i th  s t r u c t u r e s  (104) and (105) bu t  we 
p r e f e r  th e  l a t t e r ,  5 - a n i l i n o - 3 H - 1, 2, 4 - d i t h i a z o l e - 3 - t h i o n e ,  a s  
w i th  a l l  the  c o m p o u n d s  of t h i s  s e r i e s  we h a v e  e x a m i n e d  th e  doub le
H-N,¥
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bond  i s  in  th e  r i n g  w h e n e v e r  p o s s i b l e  ( s e e  C h a p t e r  5). A l s o ,
X - r a y  c r y s t a l l o g r a p h i c  s tu d i e s  h a v e  shown th a t  x a n t h a n e  
h y d r i d e  (106) m a d e  b y  t h e  a c t i o n  of a c i d  on a m m o n i u m  t h i o c y a n a t e  
(C o t ton  and M c C l e v e r t y ,  1967), i s  5 - a m i n o - 3 H - 1, 2 , 4 - d i t h i a z o l e - 3 -  
th ione  (H o rd v ik ,  1963),  a l th o u g h  5 - i m i n o  c o m p o u n d  i s  p o s s i b l e .
T h e  f a c t  i s  t h a t  n i t r o g e n - 15 n m r  s p e c t r u m  n e i t h e r  f a v o u r e d  (104) 
n o r  (105) b u t  r e f l e c t s  t h e  e x i s t e n c e  of (107) in  s o lu t io n  w h ic h  i s  
the  h y b r i d e  s t r u c t u r e  of (104) and (105) .  T h e r e  a r e  two n i t r o g e n  
a t o m s  in  (107) but  on ly  one a p p e a r s  in th e  s p e c t r u m  a t b  --114,7 p p m ,  
w h ich  we a s s i g n  to t h e  n i t r o g e n  of  the d i t h i a z o l e  r i n g .  B e c a u s e  of 
r a p i d  t a u t o m e r i s m  b e t w e e n  tw o s t r u c t u r e s  (104) an d  (105) r e s u l t s  
in  b r o a d e n i n g  of N P h  s ig n a l ,  so the  r e s o n a n c e  f o r  t h i s  n i t r o g e n  
i s  no t  o b s e r v e d  ( L e v y  and L i c h t e r ,  1979). T h e  p r o p o s e d  m e c h a n i s m  
f o r  the  f o r m a t i o n  of (105) f r o m  (101) i s  show n  in  S c h e m e  19.
R e a c t i o n  of  (102) w i th  b a s e  u n d e r  t h e  s a m e  r e a c t i o n  c o n d i t i o n s  
gave  a s i m i l a r  p r o d u c t ,  1 4 ^ 1 1 ^ 3 ^  f o r  w h ic h  w e  p r o p o s e  s t r u c t u r e  
(108) by  a n a l o g y  w i th  (105) ,  T h e  i r  s p e c t r u m  i n d i c a t e s  the 
p r e s e n c e  of NH and C =N g r o u p s .  I n  the  c a r b o n - 13 n m r  s p e c t r u m  
t h e r e  i s  on ly  one  n o n - a r o m a t i c  t e r t i a r y  c a r b o n  a t o m  and t h i s  
m i g h t  s u g g e s t  t h a t  t h e  s t r u c t u r e  i s  (109).  H o w e v e r ,  t h e  sh if t  of 
t h i s  t e r t i a r y  c a r b o n  ( S 1 6 8 ,5  ppm )  i s  i n b e tw e e n  t h a t  o b s e r v e d  f o r  |
a  r i n g  doub le  bond  ( 5  1 7 6 ,3  ppm)  and  an  e x o c y c l i c  doub le  bond 
( 5 1 5 3 .5  ppm)  in  r e l a t e d  c o m p o u n d s  ( s e e  C h a p t e r  5),  T h i s  
i n t e r m e d i a t e  v a l u e  w ou ld  b e  e x p e c t e d  f o r  a  t a u t o m e r i c  m i x t u r e  
of the  two id e n t i c a l  f o r m s  of (108) and  (109).  F u r t h e r  c o n f i r m a t i o n
l u  I
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c o r n e s  f r o m  n i t r o g e n - 15 n m r  s t u d i e s .  A g a in  t h e r e  a r e  two 
n i t r o g e n  a t o m s  in  (10 8) bu t  on ly  one  a p p e a r s  a t  5 1 5 5 .0  p p m .
T h e  r e a s o n  f o r  th e  d i s a p p e a r a n c e  of s eco n d  n i t r o g e n  (NPh) h a s  
a l r e a d y  b e e n  e x p l a in e d .  H e n c e ,  w e  b e l i e v e  th a t  c o m p o u n d  (108) 
in  s o lu t io n  e x i s t s  a s  (110).  T h e  p r o p o s e d  m e c h a n i s m  f o r  the 
f o r m a t i o n  of  (108) i s  shown in  S c h e m e  20.  W e w e r e ,  t h e r e f o r e ,  
s u c c e s s f u l  in  f o r m i n g  a r in g  w i th  a n  S -S  bond f r o m  (102a) .
T w o  o t h e r  a d d u c t s  of H e c t o r ' s  B a s e ,  w i t h  m e t h y l  i s o t h i o -  
c y a n a t e  (102b) and p h e n y l  i s o c y a n a t e  (111) w e r e  e x a m i n e d .  T h e  
f o r m e r  r e a c t e d  w i th  s o d iu m  h y d r o x i d e  w i th  e l i m i n a t i o n  of  s u lp h u r  
and  f r o m  (111) the  s t a r t i n g  m a t e r i a l s  w e r e  r e c o v e r e d  u n c h a n g e d .  
T h e s e  r e a c t i o n s  w e r e  n o t  e x a m i n e d  f u r t h e r .
N i t r a t i o n  of H e c t o r ' s  B a s e
N i t r a t i o n  of H e c t o r ' s  B a s e  (76) y i e ld s  two c o m p o u n d s  (112) 
and  (113).  E l e m e n t a l  a n a l y s i s  and  m o l e c u l a r  w e ig h t  d e t e r m i n a t i o n  
c o r r e s p o n d  to th e  m o n o  (112) and  d i n i t r o  (113) p r o d u c t s  of H e c t o r ' s  
B a s e .  T h e  n m r  s p e c t r a  of t h e s e  c o m p o u n d s  r e f l e c t  th a t  on ly  one 
ou t  of two p h e n y l  r i n g s  i n v o l v e s  i n  th e  n i t r a t i o n  p r o c e s s .  T h e  
e x o c y c l i c  n i t r o g e n  of H e c t o r ' s  B a s e  s e e m s  to be  m o r e  b a s i c  
t h a n  o t h e r s  and c a r b o n - 13 n m r  s p e c t r u m  c o n f i r m s  th i s  a s s i g n m e n t .  
T h e  c h e m i c a l  s h i f t  of C(5) in t h i a d i a z o l e  r i n g  of H e c t o r ' s  B a s e  
in  DMSO r e s o n a t e s  a t  5 1 6 4 . 6  w h i le  in  T F A  a t  1 8 0 .0  p p m .  T h i s  
downfie ld  sh i f t  i n d i c a t e s  t h a t  i t  i s  t h e  e x o c y c l i c  n i t r o g e n  of H e c t o r ' s  
B a s e  w h ich  i s  h e a v i l y  p r o t o n a t e d  and  c a s u e s  d r a m a t i c  de sh ie ld  ing  
e f f ec t  on  p h e n y l  r i n g  a t t a c h e d  to n e x t  n i t r o g e n  a t  p o s i t i o n  4 (88).
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B u t l e r  (1978) a l s o  s h a r e d  t h i s  v ie w .  H e n c e ,  th e  a n i l in o  p a r t
of th e  m o l e c u l e  i s  n i t r a t e d  u n d e r  our e x p e r i m e n t a l  c o n d i t i o n s .
H e c t o r ' s  B a s e  in  a  n i t r a t i n g  m i x t u r e  (52% H^SO^ + 70% w/w
H N O - ,  10:1) gave  ye l low  c o l o r a t i o n  w h ich  a b s o r b e d  a t  A3 ' ^  ^ m a x
-{347 n m  in  u v / v i s i b l e  r e g i o n .  T h e  a b s o r p t i o n  w en t  on i n c r e a s i n g
w i th  th e  p a s s a g e  of t i m e  and  b e c a m e  c o n s t a h t  w h e n  a l l  th e  :1
s u b s t r a t e  had  b e e n  c o n s u m e d .  T h e r e  w a s  no m o v e m e n t  of the
i s o s b e S t i c  p o in t .  A s i m i l a r  k in d  of e f f e c t  w a s  o b s e r v e d  a t  |
!S P 700  s p e c t r o p h o t o m e t e r .  T h e  n a t u r e  of t h e  c u r v e  i n d i c a t e d  
t h a t  p r o b a b l y  t h e r e  w a s  m o n o n i t r a t i o n .  H o w e v e r ,  u n d e r  i d e n t i c a l  1
e x p e r i m e n t a l  c o n d i t i o n s ,  w h e n  H ec to r ' s  Base  was s t i r r e d  in  the  s a m e  3:
n i t r a t i n g  m i x t u r e  on a p r e p a r a t i v e  s c a l e  f o r  t e n  m i n u t e s ,  a  ye l low  
so l id  w a s  o b ta i n e d .  I t  had  a  m o l e c u l a r  ion  p e a k  a t  m/e 313, s u g g e s t in g  
a m o n o n i t r a t e d  p r o d u c t  (112).  I n  th e  p r o t o n  n m r  s p e c t r u m  a t  360 M H z ,  
t h e r e  w e r e  tw o  d o u b le t s  a t  5 7 . 8 3  ( 2 H , J ^ ^  9 Hz) and  8 .21  p p m  (2H,
9 H z) .  T h e  f i r s t  d o u b le t  w a s  a s s i g n e d  to  H^ and  the  s e c o n d  one 
to  H ^  p r o t o n s .  T h e  n a t u r e  of c o u p l in g  c o n s t a n t  a n d  t h e  s h a p e  of 
s p l i t t i n g s  e x h i b i t e d  th a t  in  c o m p o u n d  (112),  th e  n i t r o  g r o u p  w a s  
a t  the  p a r a  p o s i t i o n  of  t h e  r i n g .  T w o  o t h e r  s i n g l e t s  a t  6 7 . 7 3  and !
7.  80 p p m  w e r e  due  to p h e n y l  r i n g  (A) p r o t o n s  and  NH p r o t o n .
T h e  s e c o n d  NH pro ton ,  p r o b a b l y ,  ex c h a n g e d  w i th  s o lv e n t .
F u r t h e r  c o n f i r m a t i o n  c o m e s  f r o m  c a r b o n - 1 3 n m r  s p e c t r u m .
T h e r e  a r e  f iv e  t e r t i a r y  c a r b o n s  in(H2) w h ich  a b s o r b  at  5 1 3 2 .  06,
1 4 2 .1 6 ,  145.  10, 148, 26 and  176,  93 p p m ,  r e s p e c t i v e l y .  T h e  
f i r s t  t h r e e  s h i f t s  a r e  a s c r i b e d  to  n o n p r o t o n a t e d  a r o m a t i c  c a r b o n s  
w h i l e  the  l a s t  tw o  b e lo n g  to  t h i a d i a z o l i d i n e  r i n g .  A l l  t h e s e  







t h e i r  c h e m i c a l  s h i f t s  a r e  w e l l  in  a g r e e m e n t  w i th  t h e  l i t e r a t u r e  
v a l u e s .  T h e i r  s p e c t r u m  i s  c o n s i s t e n t  w i th  NH, C =N and NO^ 
g r o u p in g s  in  (112),
T h e  s a m e  c o m p o u n d  (112) w a s  o b ta in e d  w hen  H e c t o r ’s B a s e  
in a q u e o u s  n i t r i c  a c i d  (50 m l  70% w / w  HNO^ + 25 m l  H^O) w a s  
s t i r r e d  f o r  3 h a t  r o o m  t e m p e r a t u r e .  I t  m e l t s  a t  170°  and  th e n  
e x p l o d e s .  T h e  c a u s e  of e x p l o s i o n  i s  p r o b a b l y  due  to  th e  p r e s e n c e  
of v e r y  s m a l l  a m o u n t  o f  n i t r o s o  co m p o u n d  a s  i m p u r i t y  i n  (112),  |
to t h e r w i s e  t h e  s p e c t r a l  d a t a  a r e  i d e n t i c a l .  In  u v / v i s i b l e  r e g i o n  {
i t  a b s o r b s  a t  X 352 and 232 n m  (6 = 11554 and  13904) and inm a x  I
the  n i t r a t i n g  m i x t u r e  (52% H^SO^ + 70% w / w  H N O ^ ,  10:1) a t  347 n m  
w h i le  the  a b s o r p t i o n  a t  232 n m  w h ic h  w e  a t t r i b u t e  to  p h e n y l  r i n g  (A) IIc o m p l e t e l y  d i s a p p e a r e d .  T h e  c a u s e  of the  d i s a p p e a r a n c e  i s
p r o b a b l y  a s s o c i a t e d  w i th  p r o t o n a t i o n  of e x o c y c l i c  n i t r o g e n  r e s u l t i n g  i1i n  c r e a t i o n  of p o s i t i v e  c h a r g e  on  n i t r o g e n  (112a) .  A s m a l l  :|Ih y p s o c h r o m i c  sh i f t  i e .  f r o m  352 to  347 n m  i s  due to so lv e n t  u s e d .  -|IS i m i l a r l y ,  H e c t o r ’s B a s e  in  t h e  s a m e  n i t r a t i n g  m i x t u r e  sh o w s  an  
i d e n t i c a l  a b s o r p t i o n  p a t t e r n  and  t h u s  c o n f i r m s  th e  f o r m a t i o n  of 
p - n i t r o  p r o d u c t  (112) .  B e s i d e s  t h i s ,  w e  h a v e  found  t h a t  c o m p o u n d  
(112) in  the  s a m e  n i t r a t i n g  m i x t u r e  f r o m  w h ich  i t  h a s  b e e n  r e c o v e r e d ,  
d o e s  n o t  go to  f u r t h e r  n i t r a t i o n .  A s  the  s e c o n d  n i t r a t i o n  s t e p  i s  s low 
and s h a p e  of c u r v e s  shou ld  hav e  b e e n  d i f f e r e n t  i f  t h e  s e c o n d  
n i t r a t i o n  had  o c c u r r e d .  B u t  the  f a c t  i s  th a t  no a l t e r n a t i o n  in  u v / v i s i b l e  
s p e c t r a  a t  S P 8 0 0  and S P 700  s p e c t r o p h o t o m e t e r  h a s  b e e n  s e e n .
In  a c o m p a r a t i v e l y  s t r o n g e r  n i t r a t i n g  m i x t u r e  ( c o n c .  H^SO^ + 
c o n c .  H N O ^ , 2 :1 ) ,  H e c t o r ' s  B a s e  y i e l d s  on ly  a s in g le  p r o d u c t ,  i e .  





p h e n y l  r i n g ,  s u g g e s t i n g  t h a t  o t h e r  p h e n y l  r i n g  (A) i s  n o t  
in v o lv ed  in th e  n i t r a t i o n  p r o c e s s  w h a t e v e r  t h e  c o n c e n t r a t i o n  
of n i t r o n i u m  m a y  b e .  E l e m e n t a l  a n a l y s i s  an d  m o l e c u l a r  ion  
p e a k  a t  m / e  35 8 a r e  c o n s i s t e n t  w i th  m o l e c u l a r  f o r m u l a  of  
C i ^ H i q N ^O ^S.  I t  m e l t s  s h a r p l y  a t  158? and th e  a p p l i c a t i o n  of 
H P L C  t e c h n i q u e  a s  d e s c r i b e d  in  e x p e r i m e n t a l  s e c t i o n  c o n f i r m s  
i t s  p u r i t y .  T h e  p r o t o n  n m r  s p e c t r u m  at  100 M Hz in  ( [H^JDMSO) 
e x h i b i t s  tw o  d o u b le t s  ( B 8. 63 and  8. 83 p p m ) ,  a  s in g le t  ( 8 . 7  ppm )  •;
and  a n o t h e r  s in g l e t  a t b  7 , 8  p p m  w h ic h  i s  a s s i g n e d  to p h e n y l  r i n g  
(A) p r o t o n s .  T h e  f i r s t  d o u b le t  a t 5 8, 63 ( IH ,  2 Hz) and  th e  
s e c o n d  one a t  8 , 8 3  ( I H ,  2 Hz) a r e  a s c r i b e d  to p r o t o n s  H ^  and  
H ^ .  T h e  s in g l e t  a t  S 8 .7  p p m  i s  a s s i g n e d  to  H^ p r o t o n .  P r o t o n  
H^ in  t h i s  s p e c t r u m  d o e s  no t  a p p e a r  to  co u p le  w i th  p r o t o n  H ^ ,  
bu t  a t  360 M Hz in  ( [^H^ j a c e to n e )  i t  c o u p l e s  w i th  H^ and  g iv e s  
r i s e  to  a  d o u b le t  c e n t r e d  a t  S 9 . 0  p p m  ( IH ,  2H).  In t u r n ,
H^ c o u p l e s  bo th  w i th  H^ and  H ^  to  y ie ld  tw o  d o u b le t s  c e n t r e d  a t  
6 8 . 6 8  p p m  ( I H ,  2 Hz) w hich  a r e  a l m o s t  o v e r l a p p i n g .
T h e  p h e n y l  r i n g  (A) p r o t o n s  r e s o n a t e  a t  5 7 . 9 3 - 8 . 0 ,  and  7 . 8 5 - 7 . 8 8  
p p m  ( to ta l  5H),  a n d  tw o NH p r o t o n s  a t  9 . 0 8  and  9 .1 1  p p m ,  
r e s p e c t i v e l y .
In  th e  c a r b o n - 13 n m r  s p e c t r u m ,  a c o l l e c t i o n  of  p r o t o n a t e d  
a r o m a t i c  c a r b o n s  a p p e a r s  at  S 1 2 0 . 6 - 1 3 2 . 4  and  o t h e r  n o n -  
p r o t o n a t e d  c a r b o n s  a t  1 3 5 .44  (C ^ ) , 138 .11  (C^) and  1 4 0 .6 8  (G^) 3
p p m .  T w o  m o r e  r e s o n a n c e s  of t h i a d i a z o l i d i n e  r i n g  c a r b o n s  
e x i s t  a t  5 14 6 , 6 7  and  1 7 6 . 2 3  p p m .  T h e  c h e m i c a l  sh i f t  o f C ^  
of p h e n y l  r i n g  (B) c o i n c i d e s  w i th  the  c h e m i c a l  sh if t  of n o n p r o t o n a t e d  














n i t r o  g r o u p  to  a d j a c e n t  c a r b o n s  (L e v y  and N e l s o n ,  1972).
F u r t h e r  s u p p o r t  f o r  (112) a n d  (113) a r i s e s  f r o m  n i t r a t i o n  
of H e c t o r ' s  B a s e  i n  g l a c i a l  a c e t i c  a c i d .  T w o  p r o d u c t s  (114) 
and (115) w e r e  i s o l a t e d  w i th  a c e t y l  g r o u p  at  e x o c y c l i c  n i t r o g e n .  f|
C o m p o u n d  (114) m e l t s  a t  2 0 4 °  and  h a s  on ly  one  n i t r o  g r o u p s  
a t  p a r a  p o s i t i o n  of p h e n y l  r i n g  (B).  E l e m e n t a l  a n a l y s i s ,  
m o l e c u l a r  io n  p e a k ,  n u c l e a r  m a g n e t i c  r e s o n a n c e  and  i n f r a r e d  
s p e c t a l  d a t a  a r e  c o n s i s t e n t  w i th  s t r u c t u r e  (114).  S i m i l a r l y ,  
co m p o u n d  (115,  m . p ,  310°) c o n t a in s  two n i t r o  g r o u p s  a t  o r th o  
and  p a r a  p o s i t i o n s  of a n i l i n o p h e n y l  r in g  and  i t s  s t r u c t u r e  i s  
c o n c o r d a n t  w i th  s p e c t r a l  d a t a  ( s e e  E x p e r i m e n t a l  s e c t i o n ) .
M o r e o v e r ,  a c é t y l a t i o n  of c o m p o u n d s  (112) and  (113) y ie ld  
c o m p o u n d s  (114) and  (115) w h ic h  i s  a  d i r e c t  p r o o f  f o r  the i d e n t i t y  
of f o r m e r s .
A s  h a s  b e e n  m e n t i o n e d  p r e v i o u s l y  t h a t  the  o x id a t io n  of 
1 - p h e n y l t h i o u r e a  w i th  a  l i m i t e d  a m o u n t  of n i t r o u s  a c i d  a f f o r d s  
H e c t o r ' s  B a s e .  We th o u g h t  i t  would  be  of g r e a t  i n t e r e s t  i f we 
cou ld  n i t r a t e  H e c to r^ s  B a s e  ( a s  a e r i a l  o x id a t io n  of n i t r o s o  to n i t r o  
co m p o u n d  in  a q u e o u s  m e d i a  i s  w e l l  known)  by  i n c r e a s i n g  the  
a m o u n t  of  n i t r o u s  a c i d  i n  the  r e a c t i o n  m i x t u r e .  T w o  p r o d u c t s  
(102a) and  (116) w e r e  i s o l a t e d .  C o m p o u n d  (102a) m e l t e d  a t  220® 
and w a s  i d e n t i f i e d  by  c o m p a r i s o n  w i th  au th e n t i c  s a m p l e .  T h e  
s p e c t r a l  d a t a  a r e  g iv e n  in E x p e r i m e n t a l  s e c t i o n .  T h e  seco n d  
p r o d u c t  (116) e x p lo d e d  a t  189 and  s o lu b i l i ty  p r o b l e m  in a l l  |
jr e g u l a r  s o l v e n t s  u s e d  f o r  n m r  s p e c t r o s c o p y  p r e c l u d e d  c o n f i r m a t i o n  |
of i t s  s t r u c t u r e .  H o w e v e r ,  w e  m a n a g e d  to d i s s o l v e  a  s m a l l  i
q u a n t i t y  of i t  i n  D M S O - d ^ .  T h e  p r o t o n  n m r  s p e c t r u m  c o n s i s t e d  of
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one m u l t i p l e t  (5 7.  0 7 - 7 . 5 5  ppm )  and tw o  s i n g l e t s  a t  % 7 , 7 2  and
8. 9 p p m  with, a n  i n t e g r a t i o n  r a t i o  of 6 :5:1,  w h i c h  s u g g e s t e d  th a t  
b o th  a n i l in o  r i n g s  (B) h a d  b e e n  n i t r o  s a te d  r e s u l t i n g  in  (116) .  But%
it  i s  n o t  c l e a r  ye t ,  w h e t h e r  c o m p o u n d  (116) c o n t a i n s  n i t r o  o r  
n i t r o s o  g r o u p s  o r  the  m i x t u r e  of bo th .  B e c a u s e  of th e  h ig h ly  
ex p l o s i v e  n a t u r e  of  (116) w e  th ink  th a t  e l e m e n t a l  a n a l y s i s  and  m a s s  
s p e c t r u m  c a n n o t  h e l p  in the  c o n f i r m a t i o n  of i t s  s t r u c t u r e .  T h e  i r  
s p e c t r u m  i s  c o n s i s t e n t  w i th  NH, C=N an d  C=S g r o u p s .  I n  the  
c a r b o n - 13 n m r  s p e c t r u m ,  c a r b o n s  b e a r i n g  n i t r o  s o / n i t r o  g r o u p s  do 
no t  a p p e a r  b e c a u s e  of  l o n g e r  s p i n - l a t t i c e  r e l a x a t i o n  t i m e  in d u c ed  
by q u a d r u p o le  m o m e n t  of t h e  n i t r o g e n .  O t h e r  c h e m i c a l  s h i f t s  a r e  
in  a g r e e m e n t  w i th  the f e a t u r e s  of (116).  H e n c e ,  on  th e  b a s i s  of f a c t s  
and f i g u r e s  so f a r  o b t a i n e d ,  w e  t e n t a t i v e l y  f a v o u r  t h i s  s t r u c t u r e  (116), 
D e s p i t e  t h i s ,  we found t h a t  c o m p o u n d  (102a) w a s  on the w a y  to  
(116) .  W h en  e x c e s s  n i t r o u s  a c i d  (20 g N a N O ^ )w a s  u s e d  in  the 
ox id a t io n  of 1- p h e n y l t h i o u r e a ,  w e  d id  n o t  f ind  an y  t r a c e  of  (102a) 
and t h e  on ly  p r o d u c t  t h a t  w e  o b ta in e d  w a s  (116) (95% y ie ld ) .  T h e  
f o r m a t i o n  of (102a) i s  no t  s u r p r i s i n g  and e v e n  n o t  u n l i k e l y .  We 
b e l i e v e  th a t  1 - p h e n y l t h i o u r e a ,  in  o u r  e x p e r i m e n t a l  c o n d i t i o n s ,  
g e t s  h y d r o l y s e d  in to  p h e n y l  i s o t h i o c y a n a t e  in  a d d i t i o n  to the  
f o r m a t i o n  of H e c t o r ' s  B a s e .  T h e  l a t t e r  c o n d e n s e s  w i th  the  f o r m e r  
to  g ive  (102a) (S c h e m e  21) ,  T h e  s a m e  c o m p o u n d  (102a) i s  
o b ta in e d  w h e n  p u r e  s a m p l e s  of H e c t o r ' s  B a s e  (76) and p h e n y l  
i so th ioc  y a n a t e  a r e  a l lo w e d  to r e a c t  in a c e t o n e .
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E X P E R I M E N T A L
2H e c t o r ' s  B a s e  ( 3 - a n i l i n o - 5 - i m i n o - - 4 ~ p h e n y l - A  - 1 , 2 , 4 -  
t h i a d i a z o l i n e  (7 6)
a) P h e n y l t h i o u r e a  (5 g) w a s  d i s s o l v e d  in  a  m i x t u r e  of  e t h a n o l -  t- 
w a t e r  (1:1) and  a few  d r o p s  of c o n c . H Cl  a d d e d .  H y d r o g e n  
p e r o x i d e  (50 m l ,  10% v o l . )  w a s  p o u r e d  in to  th e  s o lu t io n  w i th  
c o n s t a n t  s t i r r i n g  a t  r o o m  t e m p e r a t u r e .  A f t e r  a  f e w  s e c o n d s ,
s u lp h u r  s t a r t e d  s e p a r a t i n g .  A f t e r  one h o u r  s t i r r i n g ,  th e  s u lp h u r  
w a s  f i l t e r e d  off and. the  f i l t r a t e  b a s i f i e d  to give a w h i t e  s o l id .
I t w a s  r e c r y s t a l l i s e d  f r o m  an  e t h a n o l - a c e t o n e  m i x t u r e .  W hen  
d r i e d ,  i t  had  m , p ,  183° ( l i t .  m . p .  183°,  H e c t o r ,  1889).
b) W hen  the  a b o v e  e x p e r i m e n t  w a s  r e p e a t e d  u s i n g  s o d iu m  
n i t r i t e  (4 g in  20 m l  H^O and 5 m l  c o n c .  HCl)  and  p h e n y l t h i o u r e a  |  
( 7 . 6  g) the  s a m e  c o m p o u n d  (7 6) w a s  o b ta in e d ,  m i x e d  m . p .  183° ,
Y ie ld  70%,
c) W h en  p h e n y l t h i o u r e a  (5 g) w a s  o x id i s e d  w i th  b r o m i n e  (3 ml)  
in  a  s i m i l a r  w ay ,  a  w h i te  s o l id  w a s  o b ta in e d .  I t  w a s  t h o r o u g h l y  
w a s h e d  w i th  e th y l  a c e t a t e  an d  r e c r y s t a l l i s e d  f r o m  a c e to n e ,  m i x e d  
m . p ,  183° ,  Y ie ld  60% (76)
2, 4 - D i m e t h y l - 3, 5 - b i s ( p h e n y l i m i n o ) -  1, 2 , 4 - t h i a d i a z o l i d i n e  (74)
d) C o m p o u n d  (74) w a s  o b ta in e d  by  o x id a t io n  of 1- m e t h y l - 3-  
p h e n y l t h i o u r e a  w i th  h y d r o g e n  p e r o x i d e  (80% y ie ld ) ,  n i t r o u s  a c i d  
(65% yie ld)  and b r o m i n e  (60% yie ld)  u s in g  the s a m e  c o n d i t i o n s  
a s  m e n t i o n e d  a b o v e .
-
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M . p .  130° ( l i t .  m . p .  124° ,  C h r i s t o p h e r  s en ,  1975),  m / e  296 
(M'*'), V 1630 (C =N) and  1685 c m " ^  (C=C),  S h (CDCI^)  2 . 6  (3H, s),
3 .4  (3H, s) and  6.  9 - 7 .  3 ( 1 0 H ,m )  p p m ;  S c(C D C l^ )  3 1 .7 5  (q ) , 4 0 . 0  (q), 
119.  5 - 1 3 0 .  60 (m ) ,  147.  50 (s) ,  1 49 .1  (s ) ,  1 4 9 .5  (s) and  1 5 3 . 6  (s) p p m .
e) C o m p o u n d  (74) ( 0 .0 1  m o l e )  and  h y d r o c h l o r i c  a c i d  (50 m l ,  1 M) 
w a s  r e f lu x e d  f o r  4 5 m i n u t e s .  On n e u t r a l i s a t i o n  w i th  s o d iu m  
h y d r o x id e  a t  0 ° C , a  w h i t e  s o l id  w a s  t h r o w n  ou t  and  a f t e r  
r e c r y s t a l l i s a t i o n  f r o m  e th a n o l  gave  N - 2 - b e n z o t h i a z o l y l - N ,  N ' - d i m e t h y l - 
N " - p h e n y l g u a n i d i n e  (80),
M . p ,  119° ( l i t .  m . p ,  119° ,  C h r i s t o p h e r  s e n  e t  a l  197 5), m / e  296 
(m ”^ ), 3 2 6 0 -3 1 6 0  (NH), 1630 (C=N) and 1585 c m ”  ^ (C-C)
5 h (CDC1^) 2 . 8 5  (3H, s),  3 .4  (3H, s),  4 , 9 5  ( IH ,  s) and  6 , 8 8 - 7 . 7 4  (9H, 
m)  p p m .  T h e  p e a k  a t S  4 . 9 5  p p m  d i s a p p e a r e d  w i th  a d d i t io n  of  a  few  
d r o p s  of D^O,  8 c ( C D C i p  30.  85 (q),  3 7 , 7 0  (q),  1 2 0 , 2 5 - 1 2 4 ,  85 (m),  
13 2 ,0  ( s ) ,  1 4 6 ,9 5  ( s ) ,  1 5 0 ,7 5  (s ) ,  1 5 1 ,2 5  (s) an d  1 6 4 ,7 5  (s) p p m .  
(Found:  C ,  6 5 .0 2 ;  H,  5 . 4 8 ;  N, 1 8 , 8  ^  1 6 ^ 1 6 ^ 4 ^  r e q u i r e s  C ,  64,84;
H, 5 .4 4 ;  N,  18,78%)
f) 1, 3 - D i p h e n y l t h i o u r e a  ( 1 1 .4  g) w a s  d i s s o l v e d  in  a  m i n i m u m  
q u a n t i ty  of c h l o r o f o r m  and  d i lu te d  w i th  i t s  do u b le  v o l u m e  of e th a n o l  
and w a t e r  (100 m l ) .  A few d r o p s  of c o n c .  H C l  w e r e  added  and 
t h e n  h y d r o g e n  p e r o x i d e  (60 m l  of 20% v o l . )  d r o p w i s e  w i th  c o n s t a n t  
s t i r r i n g .  S u lp h u r  s e p a r a t e d  i m m e d i a t e l y ^ i t  w a s  r e m o v e d ,  the  
o r g a n i c  s o l v e n t s  s t r i p p e d  off a n d  the  r e s i d u e  d i lu te d  w i th  w a t e r
and  t h e n  b a s i f i e d  w i th  s o d iu m  h y d r o x i d e .  A w h i te  so l id  w a s  o b ta in e d  
w h ich  w a s  r e c r y s t a l l i s e d  f r o m  e thy l  a c e t a t e  to  g ive  2 -(  1 , 2 , 3 -  
t r i p h e n y l g u a n i d i n o ) b e n z o t h i a z o l e  (7 5 ) .
‘i.
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M . p .  140° ( l i t .  m . p .  136° ,  H u g e r s c h o f f ,  1903),  m / e  226
(G, and  194 (P h N = C = N P h ) ,  V 3260 -3 2 2 0  (NH) and' 1 3  10 2 ' ' '  m a x  '
1655 c m "   ^ (C=N), 5 h (CD C1^ 6 . 8 - 7 . 6 8  ( a r o m a t i c  p r o t o n s ) ,  NH
p r o t o n  h a s  m i x e d  w i th  a r o m a t i c  o n e s ,  5C(GDC 1^) 1 1 8 . 1 - 1 3 1 . 9
( p r o to n a t e d  a r o m a t i c  c a r b o n s ,  m ) ,  1 3 2 ,4 6  (s ) ,  1 4 0 ,8 7  (s) ,  143 ,07
(s ) ,  1 4 3 .1 5  (s) ,  145.  67 (s) ,  150,  55 (s) and 1 6 4 . 4 8  (s) (Found:
C,  7 3 . 9 8 ;  H,  4 . 6 6 ;  N,  1 3 .2 3  C^^^H^^N^S r e q u i r e s  C,  7 4 . 2 6 ;
H, 4 . 7 9 ;  N,  13.32%) Y ie ld  60%.
T h e  e thy l  a c e t a t e  i n s o l u b l e  m a t e r i a l  a f t e r  m u l t i p l e
r e c r y s t a l l i s a t i o n  f r o m  a m i x t u r e  of m e t h a n o l  and  a c e t o n e  ( 1 : 1)
gave  1 , 2 ,  3, 4 - t e t r a p h e n y l - o : , a ' - t h i o b i s f o r m a m i d i n e  ( 7 8c)
M . p .  2 4 4 ° ,  m / e  195 (P h H N -C  =NPh) and  32 (S), V' '  '  m a x
3340-3280  and  3190 (NH),  1650 (C =N) and  1550 c m " ^  (C=C),  
§ H ( t ^ H ^ ] D M S O )  6 . 8 6 - 7 , 5 4  ( 2 0 H ,m )  and 8 , 6 3  (2H, s) p p m ,  
S c ( j . ^ H ,  ]DMSO) 1 1 8 ,3 3  (d), 1 2 1 . 8 8 ( d ) ,  1 2 8 . 7 8  (d),  1 3 9 .7 6  (s) 
and 152 .61  ( s) p p m  (Found: C ,  7 3 . 7 8 ;  H,  5 . 4 3 ;  N ,  1 3 .0 3  
C 26H 22N4 S r e q u i r e s  C; 7 3 . 9 0 ;  H,  5 . 2 4 ;  N,  13 ,25%) Y ie ld  20%.
g) C o m p o u n d s  (7 5) (y ie ld  50%) and  (7 8c) (y ie ld  40%) w e r e  
o b ta in ed  w hen  1, 3 - d i p h e n y l t h i o u r e a  w a s  o x id i s e d  by  s o d iu m  
n i t r i t e  (4 g in  20 m l  w a t e r  and 5 m l  co n c .  HCl)  u s i n g  s a m e  
c o n d i t i o n s  a s  d e s c r i b e d  a b o v e .
h) T h e  above  e x p e r i m e n t  (f) w a s  r e p e a t e d  u s i n g  l i q u id  b r o m i n e  
(3 m l ) .  T h e  y ie ld  of c o m p o u n d  (75) w a s  50% and  (78c) 15%.
T h e r e  w a s  no d e p r e s s i o n  in  t h e i r  m i x e d  m e l t i n g  p o i n t s .
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i) 2, 4 - D i p h e n y l - 3, 5 - b i s ( p h e n y l i m i n o ) - 1, 2, 4 - t h i a d i a z o U d i n e  (79)
I t  w a s  o b ta in e d  by  o x id a t io n  of 1, 3 - d i p h e n y l t h i o u r e a  w i th  b e n z o y l  k
Ip e r o x i d e  (K in o s h i t a  e t  a l ,  197 6) a lo n g w i th  (75) (y ie ld  40%) and
■I
(78c) (y ie ld  40%),
j) 2 , 4 - D i b e n z y l —3, 5 - b i s ( b e n z y l i m i n o ) - 1, 2, 4 - t h i a d i a z o l i d i n e  (89)
O x id a t io n  of 1, 3 - d ib e n z y l  t h i o u r e a  w i th  B P O  (K in o s h i t a  e t  a l ,  197 6)
gave (89) (y ie ld  70%) and 1 , 2 ,  3 ,4  - te t r ab en zy l -cK , û;' - t h i o b i s f o r m a m i d i n e
(7 8d) , w h ich  had  m . p .  2 0 4 ° .
M . p .  7 7 °  ( l i t .  m . p .  81° ,  K i n o s h i t a  e t  a l  (1976),  V 1630 c m   ^ :^  ^ m a x  g
(C=N),  6H(CDC1 ) 4 . 2 6  ( 2 H , s ) ,  4 . 3 4  (2H, s), 4 . 7 5  ( 2 H , s ) ,  5 . 0 6  (2H, 
s), and 7 .  1 8 - 7 . 2 3  ( 2 0 H ,m )  p p m ,  S c(C D C l^ )  4 7 . 5 0 ,  5 1 . 6 9 ,  5 6 . 6 1 ,  T
6 0 . 2 8 ,  126.  3 9 - 1 2 8 .  60 ( a r o m a t i c  p r o t o n a t e d  c a r b o n s ) ,  1 3 5 . 3 4 ,
1 3 7 .3 8 ,  1 3 9 . 6 4 ,  1 4 1 . 2 0 ,  151. 98 and  152. 9l p p m .
M . p .  204°ro /e 223(PhCH^NH^=N-CH^Ph) and  32 (S) 3170 (NH)
and 1610 c m “  ^ (C=N),  S H ( l ^ H  ]DMSO) 4 . 5 3  (8H, s) ,  7 . 0 - 7 . 2 2  (2OH, |
m) and  8. 6 (2H, s) p p m .
k) C o m p o u n d  (79) ( 0 .5  g) in H C l  (50 m l ,  1 M) w a s  s l ig h t ly  w a r m e d  
f o r  a  few  m i n u t e s .  T h e  p r o d u c t  w a s  w o r k e d  up a s  d e s c r i b e d  in  
e x p e r i m e n t  (e) ,  w h ic h  gave  (7 5), m . p .  14 0°  and t h e r e  w a s  no 
d e p r e s s i o n  in  m i x e d  m e l t i n g  p o in t .
1) C o m p o u n d  (89) (2 g) in  H C l  (50 m l ,  1 M) w a s  r e f l u x e d  f o r  2 h .
On c o o l in g  a s e m i - s o l i d  m a s s  a p p e a r e d .  I t  w a s  w a s h e d  w i th
w a t e r  and r e c r y s t a l l i s e d  f r o m  a m i x t u r e  of m e t h a n o l - a c e t o n e  (2:1)
w h ic h  gave  on ly  d i b e n z y l u r e a .
M . p .  168° ,  m / e  24 0 (M+),  V 3320 (NH) and  1620 c m  ^^ ' m a x
' 1
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( G = 0 ) ,  S h ( [^ H ^ ]D M S O )  4 . 2 4  (4H, s) ,  6 . 4 6  (2 H ,s )  and  7 . 2 2  
( lOH, s) ppm,  Sc(i^H^]DMSO) 4 2 .  96, 126.41 , 1 2 6 . 8 9 ,  1 2 8 .0 7 ,  
1 4 0 .7 6  and  1 5 8 . 0 9  p p m
m) C o m p o u n d  (7 8c) (2 g) w a s  d i s s o l v e d  in e th a n o l  c o n t a in in g  a 
few d r o p s  of  c o n c .  H C l .  H y d r o g e n  p e r o x i d e  (20 to 4 0 ml)  w a s  
added  d r o p w i s e  w i th  c o n s t a n t  s t i r r i n g  f o r  2 h a t  r o o m  t e m p e r a t u r e .
No s e p a r a t i o n  of s u l p h u r  o c c u r r e d .  On  n e u t r a l i s a t i o n  wi th  s o d iu m  
h y d r o x id e  a  w h i te  so l id  w a s  o b t a in e d .  I t  w a s  r e c r y s t a l l i s e d  f r o m  
m e t h a n o l  w h ich  gave  the  s t a r t i n g  m a t e r i a l  (7 8c) c o n f i r m e d  by  4
m e l t i n g  p o in t  and  m i x e d  m e l t i n g  po in t .
n) A n  e t h a n o l i c  s o lu t i o n  of (7 8c) (2 g) c o n t a in in g  c o n c .  H C l  (2 ml )  
w a s  r e f lu x e d  f o r  2 h.  A f t e r  c o o l in g ,  the  p r o d u c t  w a s  w o r k e d  up 
a s  d e s c r i b e d  a b o v e .  No c h a n g e  in  the  s t a r t i n g  m a t e r i a l  w a s  
o b s e r v e d ,  m . p  an d  m i x e d  m . p .  w e r e  2 4 4 ° .
p) W hen  e x p e r i m e n t  (m) w a s  r e p e a t e d  wi th  e x c e s s  h y d r o g e n  
p e r o x i d e  but  w i th o u t  a c i d ,  n o th in g  n ew  w a s  o b t a in e d  e x c e p t  
s t a r t i n g  m a t e r i a l  (7 8c) .
q) H e c t o r ' s  B a s e  (76) (2 g) in 5M H C l  w a s  r e f lu x e d  f o r  1 h.
A f t e r  cool ing ,  n e u t r a l i s a t i o n  and  r e c r y s t a l l i s a t i o n  f r o m  
m e t h a n o l - a c e t o n e  m i x t u r e ,  th e  s t a r t i n g  m a t e r i a l  w a s  o b ta in e d .
No r e a r r a n g e m e n t  o c c u r r e d .
r) S i m i l a r l y ,  no  r e a r r a n g e d  p r o d u c t ,  e x c e p t  s t a r t i n g  m a t e r i a l ,  
w a s  o b ta in ed  w h e n  above  e x p e r i m e n t  (q) w a s  r e p e a t e d  w i th  
d i m e t h y l a t e d  H e c t o r ' s  B a s e  (84) and D o s t  ' s B a s e  (77).
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s) D i a r y l  d i t h i o f o r m a m i d i n e  (91a)
A s u s p e n s i o n  of f in e ly  g ro u n d  1- p h e n y l t h i o u r e a  ( 6 , 0 8  g) in  
c h l o r o f o r m  (100 m l ) ,  to w h ich  w a t e r  (6 ml)  w a s  a d d e d ,  w a s  
t r e a t e d  w i th  b r o m i n e  (20 m l ,  0 , 0 2  m o le )  w i th  s t i r r i n g  and  e x t e r n a l  
c o o l in g  ( i c e - w a t e r )  d u r i n g  8 -10  m i n u t e s .  T h e  p r o d u c t  w a s  
f i l t e r e d  off,  w a s h e d  s u c c e s s i v e l y  w i th  e x c e s s  c h l o r o f o r m  and  l i g h t  
p e t r o l e u m ,  g round  in  a m o r t a r  w i th  m o r e  c h l o r o f o r m  s e v e r a l  
t i m e s ,  c o l l e c t e d  and  d r i e d  a t  r o o m  t e m p e r a t u r e .
M . p .  146°  ( l i t .  m . p .  9 6 - 1 0 0 ° ,  d e c . ,  K u r z e r  and  S a n d e r s o n ,  
1959), m i x e d  m . p .  w i th  p u r e  1- p h e n y l t h i o u r e a  1 0 0 - 1 2 0 ° ,  i r
s p e c t r a  of (91a) and p u r e  1- p h e n y l t h i o u r e a  a r e  n o n - i d e n t i c a l ,  no
7 9 7 9  81m o l e c u l a r  io n  p e a k  e x c e p t  a t  m / e  79 ( B r  ), 80 ( H B r  ) , 81 ( B r  )
and  82 (HBr®^),  S h (TFA)  7 . 3 4 - 7 . 7 2  ( 1 0 H ,m )  and  8 . 0 6  (2H, s)
two NH p r o t o n s  h a v e  e x c h a n g e d  w i th  so lv en t ,  § C ( T F A )  1 2 7 .2 2 ,
S
133 .04  and  1 3 4 .2 5  p p m  & G (T F A )  of P h N H - C - N H  , 1 2 7 .1 9 ,  1 3 1 .6 1 ,  
1 3 1 ,8 2 ,  1 3 4 ,9 2  and  1 7 0 .31  (C=S, b ro a d )  p p m .
t) 1 T h e  p r e p a r a t i o n  of the ad  d u c t s  of H e c t o r ' s  B a s e  h a s  b e e n  
d e s c r i b e d  in  C h a p t e r  5.
T h e  C8^  a d d u c t  (101) ( 2 .4  g) w a s  r e f lu x e d  w i th  s o d iu m  
h y d r o x id e  (3 g) in  a  m i x t u r e  of m e t h a n o l  (60 ml)  and  D M F  (30 m l )  
f o r  2 h .  T h e  r e a c t i o n  m i x t u r e  w e n t  t h r o u g h  a s e r i e s  of c o l o u r  
c h a n g e s  and  a m m o n i a  w a s  e v o lv e d .  T h e  c o o le d  s o lu t io n  w a s  
p o u r e d  in to  co ld  w a t e r  and  a c i d i f i e d .  T h e  y e l lo w  so l id  o b ta in e d  
5 - a n i l i n o - 3 H - 1, 2, 4 - d i t h i a z o l e - 3 - o n e ,  w a s  r e c r y s t a l l i s e d  f r o m  
a c e t o n e  (y ie ld  80%), m . p .  160°,  m / e  226 (M^),  (mul l)
3185-3150  (NH),  1605 (C =N), 1560 (C=C) and  1017 cm"  ^ (C =S),
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S h (  1,^H, JDMSO) 7 , 6 2 - 7 . 2 0  p p m  ( a r o m a t i c  p r o t o n s ) ,  i0 i
5 c ( i ^ H ,  JDMSO) 1 2 1 . 5 ,  1 2 6 . 3 ,  1 2 9 .4 ,  1 3 7 . 4 ,  179.  1 and  209.  3 I«I
p p m  (Found :  C ,  4 2 . 5 6 ;  H,  2 . 3 1 ;  N,  1 2 .4 4 ;  S,  4 2 . 6 2  i
4^ 8 ^ 6 ^ 2 ^ 3  ^ G q u i re s  C,  4 2 . 4 5 ;  H ,  2 . 6 7 ;  N,  1 2 . 3 7 ;  S, 4 2 .4 2 % ) ,  4
,^H^]DMSO) - 1 1 4 . 7  p p m  (ex t .  r e f .
t)2 T r e a t m e n t  of (102a) in  l i k e  m a n n e r  gave  5 - a n i l in o  - 3 - p h e n y l - 
i m i n o - 3 H - 1 , 2 ,  4 - d i t h i a z o l e - 3 - th io n e  (108) (y ie ld  52%), m . p .  184°,  
m / e  251 (m '^-H^S) ,  V (m u l l ) ,  3170 (NH), 1620 (C=N) and  
1585 c m  ( a r o m a t i c  C=C),  8 h (  j, H ^ jD M S O )  7 . 0 6 - 7 . 4 0  p p m
( a r o m a t i c  p r o t o n s ) ,  8 c ( H^ ]DMSO) 1 2 0 .9 ,  1 2 3 . 9 ,  1 2 9 .1 ,  146 .4  
and 1 6 8 .5  p p m  5 n (  jDMSO)-»l 55. 0 p p m  (ex t .  r e f .  C H ^ ^ N O ^ )  
(Found: C ,  5 8 . 5 7 ;  H,  3 . 4 7 ;  N,  1 4 .9 5  ^  1 4 ^ 1 1^ 3 ^2
C,  5 8 . 9 2 ;  H ,  3 . 8 8 ;  N,  14 .72%)
u) 1 H e c t o r ’ s B a s e  (3 g) in  a  n i t r a t i n g  m i x t u r e  (55 ml)  (52%
+ 7 0% w / w H N O ^ ,  10:1) w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  t e n  
m i n u t e s  and  th e n  p o u r e d  in to  co ld  w a t e r  w i th  v i g o r o u s  s h ak in g .  
A f t e r  n e u t r a l i s a t i o n  w i th  s o d iu m  h y d r o x i d e  a ye l low  so lid  s e t t l e d  
out ,  w a s h e d  th o r o u g h l y  w i th  w a t e r  and  th e n  r e c r y s t a l l i s e d  f r o m  
a c e to n e  w h ic h  gav e  m o n o n i t r o  p r o d u c t  of H e c t o r ' s  B a s e  (112)
M . p .  2 0 8 ° ,  m / e  313 (M"^) 3290 (N H ) , 1630 (C=N),
1550 and  1335 cm"  ^ (NO ), 5 H( L^H JDMSG) a t  360 M H z ,  7 . 7 3
(5H, s),  7 . 8 0  ( IH ,  s),  7 . 8 3  (2 H ^ , d ,  9 Hz)  and  8 .2 1  ( 2 H ^ , d ,  J
29 H z) ,  one NH p r o t o n  h a s  e x c h a n g e d  w i th  so lv e n t ,  b C ( L  H ,  JDMSO)
1 1 9 .3 9 ,  1 2 4 . 7 2 ,  128.  8 8 , 1 3 0 . 2 7 ,  1 3 1 .1 2 ,  1 3 2 .0 6  (s) ,  1 4 2 .1 6  ( s ) ,  
1 45 .10  (s) ,  1 4 8 .2 6  (s) and  1 7 6 .9 3  ( s ) .  (Found: C ,  5 3 .9 9 ;
H, 3 . 6 6 ;  N,  2 2 . 1 6  ^ ^ ^ H ^ ^ N  SO^ r e q u i r e s  C,  53.  6 6 ; H,  3 . 5 3 ;
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N, 2 2 . 35%) A 352,  and 232 (£  = 11554 and 13904),  A' 'm a x  ' '  m ax
347 In a n i t r a t i n g  m i x t u r e  (52% H^SO^ + 70% w / w H N O ^ ,  10:1)
H e c t o r ' s  B a s e  ( 0 . 5  g / 1 6 0  m l  GH^CN) (0 .1  ml)  in  the  s a m e  n i t r a t i n g
m i x t u r e  gave  A  347 n m  and a b s o r p t i o n  i n c r e a s e d  w i th  t i m e ,® m a x
u)2 T h e  s a m e  c o m p o u n d  (112) w a s  o b ta in ed  w h en  H e c t o r ' s  B a s e  
(2 g) in  a q u e o u s  n i t r i c  a c i d  (50 m l  HNO^ + 25 m l  H^O) w a s  s t i r r e d  
fo r  3 h a t  r o o m  t e m p e r a t u r e ,  A ye l low  so l id  w a s  c o l l e c t e d ,  w a s h e d  
w i th  w a t e r  and  r e c r y s t a l l i s e d  f r o m  a c e to n e ,  m . p ,  170°  (explode)  
o t h e r  d a t a  a r e  the  s a m e  a s  m e n t i o n e d  a b o v e .
u)3 H e c t o r ' s  B a s e  (1 g) added  b i t  by b i t  to a  n i t r a t i n g  m i x t u r e
(conc .  H^SO^ + c o n c .  H N O ^,  2:1 v /v )  w i th  c o n s t a n t  s t i r r i n g  in  a n
i c e - b a t h . f o r  1 h  and  th e n  p o u r e d  in to  co ld  w a t e r  w i th  v i g o r o u s
s h ak ing ,  c o l l e c t e d  y e l lo w  p r e c i p i t a t e ,  w a s h e d  w i th  i c e - w a t e r  and
r e c r y s t a l l i s e d  f r o m  ho t  w a t e r  w h ich  gave  b r i g h t  y e l lo w  c r y s t a l s
of d i n i t r o  p r o d u c t  of H e c t o r ' s  B a s e  (113).
M . p .  158° ,  m / e  358 (M"*") , 3 3 40 -3180  (N H ) , 1590 (G =N),
1510 and  1345 cm"  ^ (NO^),  S h ( i^H ^  ]DMSO) a t  100 M Hz,  7 . 8 ( 5 H ,  s),
8 .6 3  ( l H ^ , d ,  2 H z) ,  8 . 8 3  ( I H ^ . d ,  J  2 Hz) and  8 . 7  ( I H ^ ,  s) p p m
^ H ( i ^ H ^ j a c e t o n e )  7 . 8 5 - 7 . 8 8  and 7 . 9 3 - 8 . 0  ( 5 H , m ) ,  8 . 6 5  (IH , d ,
J, 2 Hz) ,  8 . 6 8  ( IH  , d d ,  J  , , J  ^ 2 H z) ,  9 . 0  ( l H ^ , d ,  2 H z ) ,  9 . 0 8be c cb  cd  d dc
( IH ,  s) and  9 .1 1  ( IH ,  b r o a d  s) p p m ,  &G(L^H, ]DMSO) 1 2 0 . 6 1 - 1 3 2 . 4 3
( p r o to n a t e d  a r o m a t i c  c a r b o n s ,  m ) ,  135 .44  (s ) ,  138 .11  (s ) ,  1 4 0 . 6 8  (s ) ,
G H 3GN
146 .67  (s) and 176 ,23  (s) ppm , A 323 and 212 nm , and in  a' ' \ / jTiT m ax
n i t r a t i n g  m i x t u r e  (52% H^SO^ + 7 0% w / w  HNO ^,  10:1) 337 n m  
H P L G :  c o l u m n  r e v e r s e  p h a s e ,  l e n g th  25 c m ,  i n j e c t i o n  1^ m o l e  of 
c o m p d  (113)in  d i o x a n e ,  w a v e le n g th  325 n m ,  d e t e c t o r  uv ,  s e n s i t i v i t y
109
0 .0 4  AU, p r e s s u r e  95 b a r ,  f low r a t e  2 m l / m i n u t e ,  c h a r t  sp eed  
60 c m / l  h.  (Found: C ,  46 .  89; H ,  2 . 7 9 ;  N,  23.  19 
^ 1 4 ^ 1 0 ^ 6 ^ 4 ^  r e q u i r e s  C,  4 6 . 9 2 ;  H .  2 . 8 1 ;  N,  23.45%)
v) H e c t o r ' s  B a s e  ( 2 . 6 8  g) in  a  m i x t u r e  of a c e t i c  a c id  (gl) and 
a c e t i c  a n h y d r i d e  (1:1) c o n t a in in g  HNO^ (1 m l  of 70% w /w )  w a s  
s t i r r e d  f o r  m o r e  t h a n  5 h .  A f t e r  t h a t  r e a c t i o n  m i x t u r e  w a s  
p o u r e d  in to  co ld  w a t e r  w i th  sh a k in g ,  c o l l e c t e d  a ye l low  so l id ,  
w a s h e d  w i th  w a t e r  and  e t h e r .  R e c r y s t a l l i s e d  s e v e r a l  t i m e s  
f r o m  a c e t o n e  w h ic h  gave  v e r y  sh in ing  f luffy  c r y s t a l s  of ( 114) .
M . p .  2 0 4 ° ,  m / e  355 (m '*'), V 3230 (NH), 1610 (C=0) ,
1590 (C=N) 1545 and  1280 cm"  ^ (NO^),  S h ( i^H ^  JDMSO) 2 . 1 5
(3H, s) ,  7 . 7 2  (5H, s), 8 . 2 (2H , d ,  J  . 9  H z) ,  8 . 7 5  (2H. , d ,  J  9 Hz)a  a D D ba
and 9 . 9 2  (IH) p p m ,  Sc(i^H,]DMSO) 25.67, 120.02, 1 2 2 .3 8 ,  1 2 5 .7 8 ,  
1 2 8 .4 1 ,  1 3 0 .3 7 ,  1 3 0 . 6 9 ,  1 3 3 .3 4 ,  136.21, 1 4 5 .6 2 ,  182 .01  and  
1 8 2 .75  p p m  (Found: C ,  5 4 . 2 3 ;  H, 3 .8 1 ;  N, 19 .97  ^ 6 ^ 1 3 ^ 5 ^ ^ ^
r e q u i r e s  C,  5 4 .0 7 ;  H, 3 . 6 8 ;  N,  19.70%)
T h e  a c e to n e  in s o l u b l e  m a t e r i a l  a f t e r  s e v e r a l  w a s h i n g s  w i th  
DMSO gave  (115),  m . p .  310° ,  m / e  400 (M"*"), V 3200-3180  (NH),  
1610 (G =0) ,  1580 (G=N),  1550 and  1330 cm"  ^ (N O ^ ) , S G ( f^H^ JDMSO) 
2 5 . 6 9  ( -G H ^) ,  182 .1  (G=N-G=0)  and  1 8 2 .7 8  (G=0) p p m ,  o t h e r  s h i f t s  
a r e  v e r y  n e a r  to (113) (Found:  G , 4 8 . 2 2 ;  H ,  3 . 0 2 ;  N,  2 1 . 0 8  
^ 1 6 ^ 1 2 ^ 6 ^ 5 ^  r e q u i r e s  G, 4 7 . 9 9 ;  H ,  3 . 0 2 ;  N,  20 .99%)
w ) l  G om pound  ( 112) (2 g) in  a  m i x t u r e  of a c e t i c  a c id  (gl) and  
a c e t i c  a n h y d r i d e  (1:1)  w a s  s t i r r e d  f o r  24 h .  O n  d i l u t i o n  with  
w a t e r  a  y e l lo w  so lid  s e t t l e d  ou t ,  w a s h e d  w i th  w a t e r ,  e t h e r  and  
r e c r y s t a l l i s e d  f r o m  a c e t o n e  w h ich  gave  (114), m . p .  and  m i x e d
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m. p . , 204°.
w)2 G o m p o u n d  (113) (2 g) w a s  a c e t y l a t e d  a s  d e s c r i b e d .
A ye l lo w  so lid  o b ta in e d  and  a f t e r  s e v e r a l  w a s h i n g s  with  DMSO 
gave  (115),  m . p .  and  m i x e d  m . p .  310° .
w)3 U v / v i s i b l e  s p e c t r a  of c o m p o u n d s  (112), (113) and
H e c t o r ' s  B a s e  (76) in  a c e t o n i t r i l e  s o lv e n t ,  and  in  n i t r a t i n g  
m i x t u r e s  w e r e  r e c o r d e d  on  S P 800  and S P 7 0 0  s p e c t r o p h o t o m e t e r s .
x) T o  a q u e o u s  e th a n o l i c  s o lu t io n  of 1- p h e n y l t h i o u r e a  ( 7 . 6  g)
c o n t a in in g  c o n c .  H Gl  (5 m l )  w a s  added  s o d iu m  n i t r i t e  ( 6 . 9  g in 
30 m l  H^O) d r o p w i s e  w i th  c o n s t a n t  s t i r r i n g  a t  r o o m  t e m p e r a t u r e  
f o r  1 h .  A y e l lo w  so l id  s e t t l e d  ou t ,  w a s h e d  w i th  w a t e r ,  c a r b o n  
d i s u lp h i d e ,  e t h e r  and r e c r y s t a l l i s e d  f r o m  ho t  a c e t o n e ,  w h ic h  
gave (116).
M . p .  189° (exp lode) ,  3300 (NH), 1610 and  1600 (G=N)
1550 and  1500 (NO o r  N O . )  and  1050 c m “  ^ (G =S), Sh( f^H ,  JDMSO) ^ o 4
7 . 0 7 - 7 . 5 5  ( 6H , m ) ,  7 . 7 2  (5H, s) and 8 . 9 0  ( IH ,  s) p p m ,  one  NH 4
C 2 . Iex c h a n g e d  w i th  s o lv e n t ,  5 g ( | .  H , ] D M S 0 )  1 2 0 . 7 ,  1 2 3 . 5 ,  1 2 8 .1 9 ,  SI6 I
1 2 8 .4 9 ,  130.  1, 1 3 0 . 7 3 ,  1 3 3 .7 6 ,  138.  88 , 148. 84, 1 6 5 .0  and 4
1 8 1 .5  p p m .  i
T h e  f i l t r a t e  a f t e r  r e m o v a l  of y e l lo w  s u b s t a n c e ,  w a s  J
n e u t r a l i s e d  w i th  s o d iu m  h y d r o x i d e ,  a  l ig h t  y e l l o w i s h  so l id  w a s  4
o b t a i n e d .  R e c r y s t a l l i s a t i o n  f r o m  ho t  a c e t o n e  gave  (10 2 a ) .
M . p .  2 2 0 ° ,  m i x e d  m . p .  2 2 0 ° ,  m / e  403 (M^),  V 3380 (NH),  II' m a x  ' ' 42 'I1600 (G=N) and  1060 (G=S), OG(j.  H,, jDMSO) 1 1 9 . 9 4 ,  1 2 0 .5 1 ,  j
1 2 2 .6 2 ,  1 2 8 . 0 4 ,  1 2 8 . 3 7 ,  1 2 8 . 8 7 ,  1 3 0 .0 8 ,  ( 1 1 9 . 9 4 - 1 3 0 . 0 8 ,  1
p r o t o n a t e d  a r o m a t i c  c a r b o n s ,  m ) ,  135 .01  (s) ,  1 3 9 . 3 6  ( s ) .
I l l
1 3 9 .7 8  (s) ,  147 .7 9  (s) ,  178 .2  (s) and  1 8 4 .2  (s) p p m .
(Found:  C ,  6 2 . 5 1 ;  H,  4 . 0 3 ;  N,  1 7 .5 5  C H r e q u i r e s
G, 62. 50; H ,  4 . 2 4 ;  N,  17.35%)
C H A P T E R  5
S t r u c t u r e  e l u c i d a t i o n  of H e c t o r ' s  B a s e ,  D o s t ' s  B a s e ,  and 
r e l a t e d  c o m p o u n d s  by n i t r o g e n - 1 5  and c a r b o n - 13 n m r  
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IN T R O D U C T IO N
O x id a t io n  of  a l k y l  and  a r y l  d e r i v a t i v e s  of t h i o u r e a s  a s  
d e s c r i b e d  in C h a p t e r  4 y i e l d s  a  1, 2, 4 - t h i a d i a z o l e  r i n g  s y s t e m .
T h e  p o s i t i o n s  of p e r i p h e r a l  s u b s t i t u e n t s  (a lky l  and  a r y l  g r o u p s )  
a r o u n d  the  t h i a d i a z o l i d i n e  r i n g  a r e  so  c o n fu s in g  t h a t  one i s  
u n c e r t a i n  of the  s t r u c t u r e s  of the  p r o d u c t s  r e s u l t i n g  f r o m  the  
o x id a t io n  of t h i o u r e a s .  H o w e v e r ,  i n  t h i s  c h a p t e r ,  we h a v e  
a t t e m p t e d  to e l u c i d a t e  the  s t r u c t u r e s  of H e c t o r ' s  B a s e ,  D o s t ' s  
B a s e ,  and  r e l a t e d  c o m p o u n d s  by  n i t r o g e n - 15 and  c a r b o n - 13 n m r  
s p e c t r o s c o p y .
W e h a v e  a l s o  found  th a t  H e c t o r ' s  B a s e  f o r m s  a d d i t i o n  p r o d u c t s  
w i th  m e t h y l  i s o t h i o c y a n a t e ,  p h e n y l  i so th ioc  y a n a t e ,  m e t h y l  and  
p h e n y l  i s o c y a n a t e s ,  and  in a l l  t h e s e  c a s e s  a p r o t o t r o p i c  sh i f t  
o c c u r s .  D i m e t h y l a t e d  H e c t o r ' s  B a s e ,  w h e r e  t h e  p r o t o t r o p i c  sh i f t  
i s  no t  p o s s i b l e ,  d o e s  not  f o r m  a d d u c t s  with  t h e s e  r e a g e n t s .
H o w e v e r ,  it  d o e s  f o r m  a n  a d d u c t  w i th  4 - n i t r o b e n z e n d i a z o n i u m  
t e t r a f l u o r o b o r a t e ,  bu t  no t  w i th  b e n z e n e  d i a z o n i u m  t e t r a f l u o r o b o r a t e ,  
w h ich  i s  d i f f i cu l t  to  e x p l a i n .  In  a d d i t i o n  to t h i s ,  i t  h a s  a l s o  b e e n  
found th a t ,  d u r i n g  r e a c t i o n ,  b e n z e n e  d i a z o n i u m  t e t r a f l u o r o b o r a t e  
d e c o m p o s e s  in to  1 , 4 - d i p h e n y l b e n z e n e  (130) and 4 - h y d r o x y a z o b e n z e n e  
$31) w h i le  4 - n i t r o b e n z e n e d i a z o n i u m  t e t r a f l u o r o b o r a t e  r e m a i n s  i n t a c t .  S„c:
CH3 NO2
200 300100 P P M
CH3 NO2
200 300100 P P M
15
F I G 4  (a) G a t e d  a n d  ( b )  N o n g a t e d  N n m r  S P e c t r a  of
D o s t ’s  K e t o - C o m P o u n d
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CH3 NO2
100 200 3 0 0  PPM
C H 3 N O 2
100 200 3 0 0  PPM
1 5F I G  3 ( a )  Ga t ed  a n d  ( b )  N o n g a t e d  N NMR S P e c t r a y  o f
H e c t o r ’s  B a s e
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R E S U L T S  AND DISCUSSION
A n  X - r a y  s tu d y  (G l id e w e l l  et  a l ,  1978) h a s  shown th a t ,  in  the 
c r y s t a l l i n e  s t a t e .  H e c t o r ’s B a s e  h a s  s t r u c t u r e  (76).  P r e v i o u s  to %
th i s  s tudy  t h e  g e n e r a l l y  f a v o u r e d  s t r u c t u r e ,  b a s e d  on c h e m i c a l  
e v i d e n c e ,  w a s  (73) ( K u r z e r  and  S a n d e r s o n ,  1 962).  S t r u c t u r e s  (76) 
and  (73) d i f f e r  on ly  in the  p o s i t i o n  of one of the  h y d r o g e n s  and  one 
of th e  double  b o n d s .  H o w e v e r ,  i t  i s  p o s s i b l e  th a t ,  on so lu t ion ,
H e c t o r ’s B a s e  u n d e r g o e s  a p r o t o t r o p i c  sh if t  and th a t  (73) i s  the  
f o r m  of the  m o l e c u l e  in  s o lu t io n .  We e x a m i n e d  t h i s  p o s s i b i l i t y  #
by  the  u s e  of n i t r o g e n - 15 n m r  s p e c t r o s c o p y .
T h e  ga ted  and n o n g a te d  s p e c t r a  of H e c t o r ' s  B a s e  in  DMSO 
s o lu t io n  a r e  shown in  F i g u r e  3 . In  the  n o n g a te d  s p e c t r u m  the
r e s o n a n c e  of h y d r o g e n - b e a r i n g  n i t r o g e n s  b e c o m e s  i n v e r t e d  and  so 
the  tw o  h y d r o g e n  b e a r i n g  n i t r o g e n s  of H e c t o r ’s B a s e  m u s t  h a v e  th e  
two o u t e r m o s t  c h e m i c a l  s h i f t s  ( 6 - 2 8 8 .  1 and - 1 8 3 .  8 p p m  r e l a t i v e  to 
e x t e r n a l  n i t r o m e t h a n e ) . I t  i s  d i f f i cu l t  to d e d u c e  m o r e  f r o m  the 
s p e c t r a  of  a  s ing le  c o m p o u n d .  F o r t u n a t e l y  t h e r e  a r e  a n u m b e r  of 
r e l a t e d  c o m p o u n d s  and  e x a m i n a t i o n  of t h e i r  s p e c t r a  p e r m i t s  f u r t h e r  
d e d u c t io n .
D o s t ’s k e t o - c o m p o u n d  (D os t ,  1906) i s  p r e p a r e d  f r o m  H e c t o r ’s 
B a s e  by  r e a c t i o n  w i th  a q u e o u s  a c i d .  I t s  s t r u c t u r e  in the  c r y s t a l  
i s  k now n  to be (117) (G l id ew e l l  et  a l ,  1979).  T h e  ga ted  and  n o n g a te d  
n i t r o g e n - 15 n m r  s p e c t r a  a r e  v e r y  s i m i l a r  to  t h o s e  of H e c t o r ’s B a s e  
( F i g u r e  4 ), e x c e p t  th a t  the  r e s o n a n c e  a t  S - 1 8 3 . 8 1  p p m  i s  m i s s i n g .
T h i s  c o r r e l a t e s  the  e x o c y c l i c  im i n o  n i t r o g e n  of H e c t o r ’s B a s e  w i th  
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of H e c t o r ' s  B a s e  and  D o s t ' s  k e t o - c o m p o u n d  i n d i c a t e s  t h a t  the  
m o l e c u l e s  h a v e  s i m i l a r  s t r u c t u r e s ,  i e ,  if H e c t o r ' s  B a s e  i s  (76) 
th e n  D o s t ' s  k e t o - c o m p o u n d  i s  (11?), but  if H e c t o r ' s  B a s e  i s  (73) 
th e n  D o s t ' s  k e t o - c o m p o u n d  i s  (llS). A h y d r o g e n - b e a r i n g  n i t r o g e n  
w i th  a c h e m i c a l  sh if t  of a r o u n d  -2 9 0  p p m  d o e s  f a v o u r  s t r u c t u r e s  
(7 6 )  and  (117). T h e  n i t r o g e n  of a n i l i n e ,  in  c a r b o n  t e t r a c h l o r i d e  
s o lv en t ,  h a s  a  c h e m i c a l  sh if t  of 3 2 5 . 9  p p m  ( L i c h t e r  and  R o b e r t s ,  
1974),  T h e  p u z z l in g  f e a t u r e  of b o th  s e t s  of s p e c t r a  i s  the  s i m i l a r i t y  
in  th e  s h i f t s  of the  o t h e r  two n i t r o g e n .
F u r t h e r  i l l u m i n a t i o n  c o m e s  f r o m  a n  e x a m i n a t i o n  of the  s p e c t r u m  
of D o s t ' s  B a s e ,  w h ic h  i s  m a d e  by  th e  r e a r r a n g e m e n t  of H e c t o r ' s  
B a s e  in  a m m o n i c a l  e th a n o l  a t  120° .  T h e r e  a r e  f o u r  p o s s i b l e  
s t r u c t u r e s  (119-121 and  77) f o r  t h i s  c o m p o u n d ,  d i f f e r i n g  only  
in  t h e  p o s i t i o n s  of h y d r o g e n s .  T h e  g e n e r a l l y  a c c e p t e d  s t r u c t u r e  
i s  419) ( K u r z e r ,  1965) bu t ,  i n  v ie w  of the  k now n  c r y s t a l  s t r u c t u r e  
of H e c t o r ' s  B a s e ,  t h i s  i s  u n l i k e l y .  T h e  n o n g a te d  n i t r o g e n - 15 
n m r  s p e c t r u m  i s  shown in  F i g u r e  5. C l e a r l y  th e  two h y d r o g e n -  
b e a r i n g  n i t r o g e n s  in  D o s t ' s  B a s e  a r e  v e r y  s i m i l a r  and  th a t  p o in t s  
to  (77) or, p o s s i b l y ,  (119) . T h e  c h e m i c a l  s h i f t s  of t h e s e  n i t r o g e n  
a t o m s  ( 6 -2 7 7 .  5 and  280.  9 ppm )  a r e  s i m i l a r  to t h a t  of the  
h y d r o g e n - b e a r i n g  n i t r o g e n  c o m m o n  to H e c t o r ' s  B a s e  and D o s t ' s  
k e t o - c o m p o u n d .  T h e r e  i s  one o t h e r  n i t r o g e n  (not  b e a r i n g  a 
h y d ro g e n )  w h ic h  h a s  a s i m i l a r  c h e m i c a l  sh if t  i n  a l l  t h r e e  c o m p o u n d s  
( 5 - 2 1 1 .  6, - 2 3 3 .  2 and  -2 2 9 .  8 p p m ) . T h i s  p o in t s  to a n o t h e r  
c o m m o n  s t r u c t u r a l  f e a t u r e  in  a l l  t h r e e  c o m p o u n d s .
Al l  the  d a t a  a r e  c o n s i s t e n t  w i th  s t r u c t u r e s  (7 6), (117) and  (77). 
C o m p o u n d  (74 ), the  s t r u c t u r e  of w h ich  i s  know n  f r o m  X - r a y  s tudy
TABLE 2
13C n m r  s p e c t r a  of  s o m e  h e t e r o c y c l e s  r e l a t e d  to  H e c t o r ' s  B a s e
C h e m i c a l  sh i f t  i n  p p m  







DMSO 1 4 7 . 6  1 6 4 . 6  1 3 3 . 8  1 3 9 .1
DMSO 1 4 7 . 6  1 7 5 . 6  1 3 2 .7  1 3 8 .7
DMSO 1 6 2 .3  1 7 6 . 3  1 4 0 .7  1 4 1 . 8
Me. V
M e N — s
74
C H C l^  1 4 7 . 5  1 5 3 :5  1 4 9 . 5  149 .1
TABLE 1
15N n m r  s p e c t r a  of s o m e  h e t e r o c y c l e s  r e l a t e d  to  H e c t o r ' s  B a s e





C h e m i c a l  sh i f t  i n  p p m  
S o lven t  N(a)  N(b) N(c) N(d)
DMSO -288. 1 -233. 3 -230.5 -183.8
HP h | \ U  DMSO -287.3 -229.8 -216.9
17
H H
P h N K  / N P h  DMSO -280.9 -211.6 -147.7 -27%. 5




C H C l^  -186.7 -330.2 -255.8 -146.6




( C h r i s t o p h e r s e n  e t  a l ,  1975),  i s  in c lu d e d  f o r  c o m p a r i s o n .  H e r e  
bo th  double  b o n d s  a r e  e x o c y c l i c  and  the  c h e m i c a l  s h i f t s  a r e  
s u f f i c i e n t ly  d i f f e r e n t  to  p r o v i d e  n e g a t i v e  p r o o f  of  the  p r o p o s e d  
s t r u c t u r e s  (76),  (117) and  (77).  A l l  the  d a t a  a r e  d i s p l a y e d  in 
T a b l e  1.
N i t r o g e n  (b) i s  c o m m o n  to th e  f i r s t  t h r e e  c o m p o u n d s  and  we 
see  a s i m i l a r  c h e m i c a l  sh i f t .  N i t r o g e n  (d) in  (76) h a s  a c h e m i c a l  
sh if t  s i m i l a r  to th a t  of  the  im in o  g r o u p  (=NH) in  d i m e t h y l g u a n i d i n e  
( d - 2 0 7 . 8  ppm)  (W i t an o w sk i  e t  a l ,  1976). T h e  s i m i l a r i t y  in  
c h e m i c a l  sh if t  of n i t r o g e n s  (b) and  (c) in  bo th  (76) and  (117) m u s t  
be f o r t u i t o u s .  T h e  c h a n g e  in  c h e m i c a l  e n v i r o n m e n t  of n i t r o g e n  
(c) in D o s t ' s  B a s e  p r o d u c e s  a l a r g e  c h a n g e  in th e  c h e m i c a l  sh i f t .
T h e  c o n c l u s i o n  i s  th a t ,  f o r  t h i s  ty p e  of c o m p o u n d ,  t h e  f a c t o r s  
w h ich  g o v e r n  th e  m o l e c u l a r  s t r u c t u r e s  a r e  the  s a m e  in  so lu t ion  
a s  in  t h e  c r y s t a l .
T h e  p r i n c i p a l  r e s o n a n c e s  in the  c a r b o n - 13 n m r  s p e c t r a  of 
th e  above  f o u r  c o m p o u n d s  a r e  g iven  in T a b l e  2. T h e y  a r e  a l l  
c o n s i s t e n t  w i th  the  s t r u c t u r e s  p r o p o s e d .  T h e  c h e m i c a l  s h i f t s  f o r  
H e c t o r ' s  B a s e  w e r e  r e p o r t e d  by A k ib a  et  a l  (197 6).
F o r  s y n th e t i c  r e a s o n s ,  w h i c h  w i l l  be ex p la in e d  l a t e r ,  we w i s h e d  
to p r e p a r e  H e c t o r ' s  B a s e  w i th  th e  tw o e x o c y c l i c  n i t r o g e n s  m e t h y l a t e d ,  
I t  w a s  a l s o  of  i n t e r e s t  to s e e  if  th e  m e t h y l  g r o u p  a p p e a r e d  a t  the  
s a m e  p o s i t i o n  a s  the  d e p a r t i n g  h y d r o g e n ,  o r  if a  p r o t o t r o p i c  sh if t  
o c c u r r e d  p r i o r  to r e a c t i o n .  T h e  on ly  r e a g e n t  w h ic h  e f f e c t e d  
m é t h y l a t i o n  w a s  i o d o m e t h a n e  and s o d iu m  h y d r i d e  in  D M F ,







C n m r  s p e c t r a  of  m e t h y l a t e d  H e c t o r ' s  and  Dost 's  B a s e s
C h e m i c a l  sh if t  i n  p p m  
S o lv e n t  C(a)  C (b) C(c)  G(d) C(e)  C








M e N — S 74
DMSO 1 4 7 . 6  1 6 4 .6  1 3 3 . 8  1 3 9 .1
DMSO 1 6 2 . 3  1 7 5 .3  1 4 0 .7  1 4 1 . 8
C H G l^  1 6 2 .4  1 8 1 .2  1 4 0 .2  1 4 4 . 9  4 0 . 6
i ¥ i
GHGl^  1 5 5 . 3  1 6 3 . 8  1 3 6 . 0  145.  6 4 0 . 0  4 ) , 3 '
GHGl^  1 6 6 .1  1 8 2 . 8  1 4 4 . 8  1 4 6 . 0  4 0 . 3  ,3$




T h e  p r i n c i p a l  c a r b o n - 13 n m r  c h e m i c a l  s h i f t s  of  the  p r o d u c t  
a r e  d i s p l a y e d  i n  T a b l e  3. D i m e t h y l a t e d  H e c t o r ' s  B a s e  a p p e a r s  
to h a v e  s t r u c t u r e  (84) a s  m é t h y l a t i o n  p r o d u c e s  on ly  s m a l l  c h a n g e s  
in  th e  c h e m i c a l  s h i f t s  o b s e r v e d  f o r  H e c t o r ' s  B a s e  i t s e l f .  We w e r e  
u n ab le  to o b ta in  an  n i t r o g e n - 15 n m r  s p e c t r u m .
In t h e  m é t h y l a t i o n  of  D o s t ' s  B a s e  (77) we w e r e  ab le  to 
i s o l a t e  bo th  the m o n o m e t h y l a t e d  and d i m e t h y l a t e d  c o m p o u n d s .  
E x a m i n a t i o n  of the  f i g u r e s  in  T a b l e  3 show s  th a t  m o n o m e t h y l a t i o n  
l e a v e s  one h a l f  of the  m o l e c u l e  u n a f f e c t e d  C(a)  and  C (c ) .  T h i s  
s u g g e s t s  s t r u c t u r e  (122) a n d  t h i s  a s s i g n m e n t  i s  c o n f i r m e d  by  th e  
n i t r o g e n - 15 n m r  s p e c t r u m .  N(a) of D o s t ' s  B a s e  ( s e e  T a b l e  1 ) 
r e m a i n s  i n v e r t e d  in t h e  n o n g a te d  s p e c t r u m  of (l22) ( 6 - 2 8 3 , 4 ppm )
w h ile  N(d) i s  no l o n g e r  i n v e r t e d  ( 5 - 2 9 1 . 0  ppm)  and  m u s t  be 
m e t h y l a t e d .  H o w e v e r ,  the c h e m i c a l  s h i f t s  a r e  no t  g r e a t l y  c h a n g e d .  
T h e  s a m e  i s  t r u e  of N(b) and  N(c) ( 5  - 2 0 9 . 8  and - 1 5 1 . 2  ppm )  and  
so m o n o m e t h y l a t i o n  of D o s t ' s  B a s e  r e t a i n s  t h e  b a s i c  m o l e c u l a r  
s t r u c t u r e .
T h e  c a r b o n - 13 n m r  s p e c t r u m  of d i m e t h y l a t e d  D o s t ' s  B a s e  
i n d i c a t e s  th a t  t h e  second  m é t h y l a t i o n  o c c u r s  of N(a) and ,  t h e r e f o r e ,  
the  s t r u c t u r e  m u s t  be (85). If  m é t h y l a t i o n  of D o s t ' s  B a s e  in  the  
f o r m  of (119) had  o c c u r r e d ,  t h e n  the  p r o d u c t  would  h a v e  b e e n  (74), 
but the d a t a  in  T a b l e  3 d e m o n s t r a t e  t h a t  ( 85) and  (74) d i f f e r  in  
s t r u c t u r e .  T h i s  i s  f u r t h e r  e v i d e n c e d  f o r  the  p r o p o s e d  s t r u c t u r e  
of D o s t ' s  B a s e .
H e c to r ' s  B a s e  r e a c t s  w i th  a n u m b e r  of c o m p o u n d s  to  give 
a d d u c t s .  T h e  a d d u c t  w i th  c a r b o n  d i s u lp h i d e  h a s  s t r u c t u r e  (101) 
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(B u t l e r ,  197 8) and  the n a t u r e  of th e  p r o d u c t  l e a d  u s  to s u g g e s t  a  '
m e c h a n i s m  f o r  r e a c t i o n  shown in  S c h e m e  22, w i th  a b i c y c l i c  ^
I
i n t e r m e d i a t e  (103). T h e r e  i s  no  r e a c t i o n  w i th  d i m e t h y l a t e d  H e c t o r ' s  
B a s e .  S i m i l a r  'bond s w i t c h e s '  i n  a d d u c t s  f o r m e d  w i th  H e c t o r ' s
B a s e  h a v e  b e e n  r e p o r t e d  by  A k ib a  e t  a l  (1976).  T h e  n i t r o g e n - 15 
n m r  c h e m i c a l  s h i f t s  f o r  (101) a r e  8 - 9 4 . 4 ,  - 1 9 7 . 8 ,  - 2 3 4 . 2  and  
-3 0 6 .  5 p p m ,  v e r y  d i f f e r e n t  f r o m  t h o s e  of H e c t o r ' s  B a s e ,  but  
c o n s i s t e n t  w i th  the  e x t e n s i v e  r e a r r a n g e m e n t  w h ich  h a s  o c c u r r e d .
In  th e  n o n g a ted  s p e c t r u m  of (lOl) the  l a s t  i s  i n v e r t e d ,  so t h i s  
c o r r e s p o n d s  to N(b).  B y  i t s  s i m i l a r i t y  w i th  N(c) of H e c t o r ' s  B a s e  
I th ink  th a t  N(c) of (101) h a s  a sh i f t  of  5 - 2 3 4 . 2  p p m ,  and  t h e r e f o r e  
N(a) and  N(d) h a v e  s h i f t s  of  6 - 1 9 7 .  8 and - 9 4 . 4  p p m .
M e th y l  i s o t h i o c y a n a t e  i s  c l o s e l y  r e l a t e d  to c a r b o n  di s u lph ide  
and a l s o  f o r m s  a n  a d d u c t  w i th  H e c t o r ' s  B a s e .  I f  t h e  r e a c t i o n  
p a r a l l e l s  th a t  shown in S c h e m e  22, t h e n  e i t h e r  a n  S -S  o r  S - N  bond 
cou ld  f o r m  to  g ive  (123) o r  (124). We w e r e  u n a b le  t o  p r e d i c t  w i th  
any  c e r t a i n t y  w h ich  wou ld  f o r m .  In  f a c t ,  n e i t h e r  f o r m e d .  An  X - r a y  
s tudy  showed  th e  s t r u c t u r e  a t  the  a d d u c t  to be  (I02b) (G l idew e l l  e t  a | ,
We p r o p o s e  a c o m p o u n d  of t h i s  ty p e  a s  the  f i r s t  i n t e r m e d i a t e  in  
th e  r e a c t i o n  of c a r b o n  d i s u l p h i d e  w i th  H e c t o r ' s  B a s e  (See S c h e m e  22). 
F o r  s o m e  r e a s o n ,  w h ich  w e  c a n n o t  d i s c e r n ,  r e a c t i o n  w i th  m e t h y l  
i s o t h i o c y a n a t e  s to p s  a t  t h i s  s t a g e .  T h e  c h e m i c a l  s h i f t s  in  the  n i t r o g e n -  
15 n m r  of  ^02b) a r e  B - 2 8 8 , 1 ,  - 2 5 1 . 4 ,  - 2 1 8 . 1 ,  - 1 9 9 . 6 ,  and - 1 5 1 . 3  
p p m ,  w h ich ,  by  c o m p a r i s o n  w i th  the  s p e c t r u m  of H e c t o r ' s  B a s e ,  we 
a s s i g n  to N(a) ,  N(e) ,  N(c) ,  N(b) and  N(d) of (1021). T h e  n i t r o g e n - 15 
n m r  s p e c t r u m  c o n f i r m s  th e  e v i d e n c e  of  t h e  X - r a y  s tudy  tha t  
e x t e n s i v e  m o l e c u l a r  r e a r r a n g e m e n t  h a s  no t  o c c u r r e d .  S i m i l a r
TABLE 4
13C n m r  s p e c t r a  of s o m e  a d d u c t s  of H e c t o r ' s  B a s e
C h e m i c a l  Shif t  i n  p p m  
S o lv e n t  C(a)  C(h) C (c) C(d)
9
H N W '  V ^ N H  DMSO 1 4 7 . 6  1 6 4 . 6
7 6
C Hb
V s ^  II102b S
DMSO 1 4 7 .7  1 7 5 . 7  1 7 8 . 6  3 1 .4
HN
102 d
DM SO 1 4 7 . 8  1 7 8 . 2  1 8 4 .2
d-
C H b
HN 1 ^|\JH DM SO 1 4 6 . 8  1 7 4 . 2  1 6 3 . 5 3 9 . 3
HN ^  N H DMSO 147 .4  1 7 5 . 8  161 .4
H
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a d d u c t s  w e r e  p r e p a r e d  f r o m  p h e n y l i s o t h i o c y a n a t e  (102^ ,  m e t h y l  
i s o c y a n a t e  (L^) and  p h e n y l i s o c y a n a t e  (126). T h e  s i m i l a r i t y  of 
s t r u c t u r e  f o r  t h e s e  a d d u c t s  i s  d e d u c e d  f r o m  the c a r b o n - 13 n m r  
s p e c t r a ,  d i s p l a y e d  in  T a b l e  4. None of the  above  r e a g e n t s  
r e a c t s  w i th  d i m e t h y l a t e d  H e c t o r ' s  B a s e ,  w h ic h  c o n f i r m s  the  
p r o t o t r o p i c  sh i f t  n e c e s s a r y  f o r  t h e  f o r m a t i o n  of (102), (125) and  (126).
B i c y c l i c  c o m p o u n d s  w i th  a  ' h y p e r v a l e n t '  s u l p h u r  a t o m  l ik e  
(103) a r e  a k n o w n  c l a s s  of  c o m p o u n d s  ( L o z a c ' h ,  1971),  We sough t  
an  e l e c t r o p h i l e  w h ich  r e a c t s  w i th  H e c t o r ' s  B a s e  w h e r e  r e a c t i o n  
g o e s  beyond  s i m p l e  a d d i t i o n  ( a s  w i th  m e t h y l  i s o t h i o c y a n a t e )  but  
d o e s  n o t  r e s u l t  in r i n g  op en in g  ( a s  w i th  c a r b o n  d i s u l p h i d e ) .  We 
th ink  th a t  the  4 - n i t r o b e n z e n e d i a z o n i u m  ion  i s  su c h  an  e l e c t r o p h i l e .  
On m i x in g  H e c t o r ' s  B a s e  and  4 - n i t r o b e n z e n e d i a z o n i u m  t e t r a f l u o r o -  
b o r a t e  in a c e t r o n i t r i l e  a n  i n t e n s e l y  c o l o u r e d  s o lu t io n  r e s u l t s .  
R e m o v a l  of s o lv e n t  y ie ld e d  a c r i m s o n  t a r  w h ich  we w e r e  u n a b le  
to in d u c e  to c r y s t a l l i s e .  H o w e v e r ,  w i th  d i m e t h y l a t e d  H e c t o r ' s  
B a s e  c r i m s o n  c r y s t a l s  w e r e  o b t a i n e d .  T h e  s t r u c t u r e  of t h i s  
p r o d u c t  p r o v e d  d i f f i cu l t  to  e l u c i d a t e .  I t  c a n n o t  be  e q u i v a l e n t  to 
(lOl) a s  t h e r e  i s  no m o b i l e  h y d r o g e n  on N(d).  W e  a r e  l e f t  w i th  
t h r e e  p o s s i b i l i t i e s  (l27)-(l29)» If a  ' h y p e rv a l e n t*  s u lp h u r  d o e s  f o r m  
t h e n  (129) i s  u n l i k e ly  a s  (l2s) h a s  g r e a t e r  r e s o n a n c e  s t a b i l i t y .  T h e  
on ly  d i a g n o s t i c  f e a t u r e s  of the  i r  s p e c t r u m  w e r e  a C = N  s t r e t c h i n g  
b and  a t  1570 c m   ^ and  a b s o r b a n c e s  c h a r a c t e r i s t i c  of the B F ^  ion .  
T h e  p r o t o n  n m r  s p e c t r u m  w a s  on ly  a  l i t t l e  m o r e  i n f o r m a t i v e ;  two 
NMe g r o u p s  in r a t h e r  d i f f e r e n t  e n v i r o n m e n t s  and  a c o m p l e x  of 
a r o m a t i c  p r o t o n s .  T h e  m e t h y l  g r o u p s  a p p e a r  in  th e  c a r b o n - 13 n m r
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s p e c t r u m  at  ^  33.  6 and  43 ,  1 p p m ,  by  c o m p a r i s o n  w i th  th e  f i g u r e s  
f o r  the  m e t h y l  g r o u p s  of m e t h y l a t e d  H e c t o r ' s  B a s e  ( T a b l e  2) ,  i t
i s  s e e n  th a t  one of t h e m  h a s  e x p e r i e n c e d  an  u p - f i e l d  sh i f t .  T h e
o t h e r  t h r e e  t e r t i a r y  c a r b o n s  h a v e  c h e m i c a l  s h i f t s  at*b 1 4 3 . 6 ,  1 5 6 . 0 ,  
and  17 8 . 6  p p m .  A l th o u g h  I w ou ld  no t  c a r e  to  a s s i g n  t h e s e  c h e m i c a l  
s h i f t s ,  t h e y  a r e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h o s e  of m e t h y l a t e d  
H e c t o r ' s  B a s e  (T a b le  3) and  s u g g e s t  t h a t  th e  r i n g  s t r u c t u r e  h a s  
b e e n  s e r i o u s l y  d i s t u r b e d  i e . (128) r a t h e r  t h a n  ^27).
T h e  n i t r o g e n -  15 n m r  s p e c t r u m  of t h i s  c o m p o u n d  w a s  of s p e c i a l  
i n t e r e s t  in  t h a t  t h e r e  a r e  s e v e n  d i f f e r e n t  n i t r o g e n  a t o m s .
U n f o r t u n a t e l y  f o r  th e  d i a g n o s i s  of s t r u c t u r e ,  t h e r e  w e r e  on ly  f ive  
p e a k s  in  the  o b s e r v e d  s p e c t r u m .  W e a r e  u n a b le  to  e x p l a in  t h i s  
e f f e c t .  A p a r t  f r o m  t h e  c h e m i c a l  sh i f t  a t  low  f i e l d ,  w h ic h  w a s  
o b v io u s ly  due  to  t h e  n i t r o g e n  of t h e  n i t r o - g r o u p ,  w e  w e r e  u n a b le  
to a s s i g n  the  p e a k s  t h a t  w e r e  o b t a in e d .  One  of the  p e a k s  a t  5  - 2 8 6 .  6 
p p m  w a s  i n v e r t e d .  T h i s  i s  d i f f i c u l t  to e x p la in  a s  no n e  of th e  n i t r o g e n s  
i s  h y d r o g e n - b e a r i n g .  T h u s ,  t h e  n i t r o g e n - 15 n m r  s p e c t r u m  w a s  of 
no v a lu e  in c h o o s in g  b e t w e e n  (127) an d  (l28).
T h e  l a s t  p i e c e  of e v i d e n c e  w e  p r e s e n t  to s u p p o r t  (128) i s  a l s o  
s p e c t r a l .  T h e r e  i s  s t r o n g  a b s o r p t i o n  in  t h e  u v / v i s i b l e  s p e c t r u m ,  
w h ich  i s  c h a r a c t e r i s t i c  of c o m p o u n d s  l i k e  (128) (R e id ,  1973).
H o w e v e r ,  w e  r e c o g n i s e  th a t  t h e  c o m b i n a t i o n  of a  n ' i t r o - g r o u p  and  
the d i a z o - g r o u p  cou ld  a l s o  be  the  o r i g i n  of  t h i s  a b s o r p t i o n .  No 
s ing le  p i e c e  of s p e c t r a l  e v i d e n c e  i s  fu l ly  d i a g n o s t i c  bu t  we b e l i e v e  
th a t  in  to to, s t r u c t u r e  (128) i s  f a v o u r e d .  T h e  m a t e r i a l  d o e s  no t
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c r y s t a l l i s e  w e l l  and  so  i t  i s  u n l i k e ly  we w i l l  e v e r  h a v e  the  u l t i m a t e  |
'.4a s s u r a n c e  of a  c r y s t a l  s t r u c t u r e .  |1S i m i l a r l y ,  b e n z e n e d i a z o n i u m  t e t r a f l u o r o b o r a t e  w h ic h  s e e m s  to 
be  l e s s  e l e c t r o p h i l i c  t h a n  i t s  4 - n i t r o  i s o m e r  w a s  a l s o  t r i e d  w i th 1H e c t o r ’s B a s e ,  In  t h i s  c a s e  e v o l u t io n  of n i t r o g e n  g a s  w a s  found  and  |
t h r e e  p r o d u c t s ,  a f t e r  c o l u m n  c h r o m a t o g r a p h y ,  w e r e  i s o l a t e d .  T h e  !
f i r s t  two p r o d u c t s  w e r e  1 , 4 - d i p h e n y l b e n z e n e  (130) and  4 - h y d r o x y a z o -  |
b e n z e n e  (131 ) and  the  l a s t  one w a s  an  a d d u c t  (132) of H e c t o r ' s  b a s e .
C o m p o u n d  (132) i s  a y e l lo w  so l id  w h ic h  m e l t s  a t  2 9 8 ° .  I t s  m a s s
s p e c t r u m  d id  no t  p r o v i d e  an y  u s e f u l  i n f o r m a t i o n ,  b u t  e l e m e n t a l
r “a n a l y s i s  s u g g e s t e d  a  m o l e c u l a r  f o r m u l a  of [C^QH^^N^S ] B F ^  .
T h e  p r o t o n  n m r  s p e c t r u m  w a s  o n ly  a  l i t t l e  m o r e  i n f o r m a t i v e :  two
m u l t i p l e t s  a t  5  7 .  1 2 -7 .  50 and  7.  7 4 - 7 .  84 p p m  w h ic h  c o r r e s p o n d e d  
to  a r o m a t i c  p r o t o n s  of 10 and  5. T h e  n o i s e - d e c o u p l e d  and  of f ­
r e  s o n a n c e  c a r b o n - 13 n m r  s p e c t r a  f a v o u r e d  a s t r u c t u r e  (.32) w i thou t  
m e t h y l  g r o u p s ,  w h ic h  i s  a n a l o g o u s  to  (^28), in  a d d i t i o n  to (127) and  (129).
T h e  i r  s p e c t r u m  i n d i c a t e d  the  p r e s e n c e  of NH an d  B F ^  g r o u p s .
I b e l i e v e  th a t  f o r m a t i o n  of  c o m p o u n d s  (130) and  (131) c a m e  f r o m  
th e  r e s u l t  of d e c o m p o s i t i o n  of  b e n z e n e d i a z o n i u m  t e t r a f l u o r o b o r a t e  
in  D M F ,  T h e  p h e n y l  r a d i c a l  so f o r m e d  t r i m e r i s e  to g ive  (130) and  
h a s  p i c k e d  up a n  h y d r o x y l  g r o u p  to  y ie ld  p h e n o l .  T h e  d i a z o n i u m  ion  
and  p h e n o l  c o u p le  t o g e t h e r  to  a f f o r d  (131), w h ich  i s ,  of c o u r s e ,  a 
w e l l  k n o w n  r e a c t i o n  in  th e  f o r m a t i o n  of d ia zo  c o m p o u n d s .  B o th  
c o m p o u n d s  (130) and  (131) w e r e  i d e n t i f i e d  by  c o m p a r i s o n  w i th  a u t e n t i c  
s a m p l e s  and by  s p e c t r a l  m e a n s .
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S u r p r i s i n g l y ,  d i m e t h y l a t e d  H e c t o r ' s  B a s e  did n o t  r e a c t  w i th  
b e n z e n e d i a z o n i u m  t e t r a f l u o r o b o r a t e  bu t  gave c o m p o u n d s  (130) an d  %
(131), T h e s e  two c o m p o u n d s  w e r e  a l s o  o b ta in e d  w h e n  b e n z e n e ­
d i a z o n i u m  t e t r a f l u o r o b o r a t e  in  D M F  a lo n e ,  u n d e r  s a m e  e x p e r i m e n t a l  
c o n d i t i o n s  a s  w e  u s e d  in  ab o v e  c a s e s ,  w a s  s t i r r e d  f o r  24 h .  I t  
w a s  found th a t l i b e r a t i o n  of n i t r o g e n  g a s  f r o m  th e  r e a c t i o n  of 
H e c t o r ' s  B a s e  and d i m e t h y l a t e d  H e c t o r ' s  B a s e  w i th  b e n z e n e d i a z o n i u m  
s a l t  w a s  m o r e  t h a n  f r o m  the  d i a z o n i u m  ion  a l o n e .  T h i s  i s  d i f f i c u l t  
to e x p l a in .  I t  i s  p r o b a b l y  due to  th e  p r e s e n c e  of  h y d r o g e n  a t  
e x o c y c l i c  n i t r o g e n  of H e c t o r ' s  B a s e .  T h e r e  w a s  no ev o lu t io n  of 
g a s  in c a s e  of 4 - n i t r o b e n z e n e d i a z o n i u m  t e t r a f l u o r o b o r a t e  w i th  
H e c t o r ' s  B a s e  and d i m e t h y l a t e d  H e c t o r ' s  B a s e  r e a c t i o n s .
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E X P E R I M E N T A L
a) H e c t o r ' s  B a s e  (7 6) w a s  p r e p a r e d  by  th e  o x id a t io n  of 1 - p h e n y l - 
t h i o u r e a  by  h y d r o g e n  p e r o x i d e  ( K u r z e r  and S a n d e r s o n ,  1959).
M . p .  183° ,  5 n (L^H^]DMSO)  - 1 8 3 . 8 ,  - 2 3 0 . 5 ,  - 2 3 3 . 3 ,  and  
- 2 8 8 .  1 p p m .
b) O x id a t io n  of 1 ~(N, N - d i m e t h y l a m i d i n o ) - 3 - p h e n y l t h i o u r e a  ( K u r z e r
and  T a y l o r ,  1962) gave  D o s t ' s  B a s e
M . p .  2 0 1 ° ,  S C (L ^ H  ]DM SO) 1 1 7 . 0 4 - 1 2 9 .  19 (m ) ,  140 .01  ( s ) ,  
141 .14  (s ) ,  162 .31  (s ) ,  and 1 7 6 .5 2  ( s ) ,  S n ( i ^ H ^  JDMSG) - 1 4 7 . 7 ,  
- 2 1 1 . 6 ,  - 2 7 7 . 5  and  - 2 8 0 . 9  p p m .
c) O x id a t io n  of  1- m e t h y l - 3 - p h e n y l t h i o u r e a  w i th  n i t r o u s  a c id  gave  
(74) ( C h r i s t o p h e r s e n  et a l ,  1975).
M . p .  1320 ( l i t .  125° ,  C h r i s t o p h e r  s en  et a l ,  1975),  8 c  (CDCl^) 
3 1 . 7 ,  4 0 . 0 ,  1 2 1 . 0 - 1 2 9 .  5, 1 4 7 .5 ,  1 4 9 .1 ,  1 4 9 .5  and 1 5 3 . 5 ,  6N (C D C 1 ) 
- 1 4 6 .  6 , - 1 8 6 . 7 ,  - 2 5 5 .  8 and  - 3 3 0 .  2 p p m .
d) H e c t o r ' s  B a s e  (5 .  1 g) w a s  a d d e d  a  l i t t l e  a t  a  t i m e  to a so lu t io n  
of d r y  s o d i u m  h y d r i d e  ( 1 . 0  g) in  d r y  D M F  (30 m l ) .  A f t e r  c o o l in g  in  
a n  ic e  b a t h  i o d o m e t h a n e  (8 m l)  w a s  added  w i th  s t i r r i n g .  A f t e r  
s tan d in g  f o r  2 h .  the  m i x t u r e  w a s  p o u r e d  in to  w a t e r  an d  th e  p r e c i p i t a t e  
f i l t e r e d  off ,  D i m e t h y l a t e d  H e c t o r ' s  B a s e  (84) w a s  c r y s t a l l i s e d  f r o m  
c h l o r o f o r m .
M . p .  150° ,  m / e  296 (m"^), V  (m ull) 1640 (C=N) 1585 and' m a x
1555 c m " ^  ( a r o m a t i c  C=C),  § H ( C D C L )  2 . 9 0  ( 3 H , s ) ,  3. 18 (3H, s).
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and 6 . 7 0 - 7 .  14 ( 1 0 H , m ) ,  S C (C D C l^ )  4 0 .  0 (q), 4 1 .  3 ( q ) , 123.  8 - 1 2 8 . 7  
( m ) , 136.  0 ( s ) , 145.  6 ( s ) , 1 5 5 .3  (s) and  163,  8 {s ) . I n  s p i t e  of o v e r
6 0 0 ,0 0 0  s c a n s  and  ad d i t io n  of a  r e l a x a n t  w e  co u ld  no t  o b s e r v e  any  
r e s o n a n c e  in th e  n m r  s p e c t r u m .  (Found: C ,  6 4 . 4 9 ;  H,  5 . 2 3 ;
N, 1 8 . 6 9 .  r e q u i r e s  C ,  64.  85; H, 5 . 4 4 ;  N,  18 .90%)
e) D o s t ' s  B a s e  ( 2 . 6 8  g) w a s  d i s s o l v e d  in  d r y  D M F  (30 m l)  and
c o o le d  to - 5 °  . S o d iu m  h y d r i d e  w a s  a d d e d  a l i t t l e  a t  a  t i m e  w i th
s t i r r i n g .  W h e n  e v o lu t io n  of h y d r o g e n  had  c e a s e d ,  i o d o m e t h a n e
(5 m l )  w a s  a d d e d  and  the  m i x t u r e  s t i r r e d  f o r  1 h .  A f t e r  p o u r i n g
into w a t e r  the  p r e c i p i t a t e  w a s  f i l t e r e d  off.  M o n o m e t h y l a t e d
D o s t ' s  B a s e  (ll2) w a s  r e c r y s t a l l i s e d  f r o m  c h l o r o f o r m m .
M . p .  120° ,  m / e  282 (M ^ ) , V  (mull)  3250 (NH ) and' m a x  '
1620 c m " ^  (G=N),  5H (CDC1^) 3 . 5 0  (3H, s) an d  6 . 9 0 - 7 . 8 5  ( l l H , m ,  
a d d i t i o n  of D^O r e d u c e d  the  m u l t i p l e t  to  lOH), 5^C(CDC1^) 4 0 . 5 8  (q),
116r 0 - 1 3 2 .  2 (m ) ,  14 0 . 2  ( s ) ,  14 5 . 0  ( s ) ,  162 .4  ( s ) ,  and 1 8 1 .2  ( s ) ,  
5 N ( C D C y  - 1 5 1 . 2 ,  - 2 0 9 . 8 ,  - 2 8 3 . 3 ,  a n d - 2 9 1 . 0  p p m  (Found ;  C ,  
6 3 .8 7 ;  H,  5 . 1 0 ;  N,  1 9 .6 0  C ^H^^N^S r e q u i r e s  C,  6 3 . 8 0 ;  H ,  4 . 9 9 ;  
N,  19.84%)
f) T h e  a b o v e  w a s  r e p e a t e d  u s i n g  doub le  the  q u a n t i ty  of s o d iu m  
h y d r i d e  and s t i r r i n g  w a s  c o n t in u e d  f o r  o v e r n i g h t .  A ye l low  oil  
w a s  o b ta in e d .  T h i s  w a s  d i s s o l v e d  in  a  1:1 c h l o r o f o r m - a c e t o n e  
m i x t u r e  a n d ,  on  e v a p o r a t i o n  a t  r o o m  t e m p e r a t u r e ,  y e l l o w i s h  
c r y s t a l s  w e r e  o b t a in e d .  T h e y  w e r e  f i l t e r e d  off and w a s h e d  wi th  
a  s m a l l  a m o u n t  of e t h y l a c e t a t e  an d  a c e t o n e  in o r d e r  to  r e m o v e  
ye l low  g u m .  D i m e t h y l a t e d  D o s t ' s  B a s e  ( 8 5 ) ,
124
M .p .  9 4 ° ,  m / e  296 (M^) ,  l&OO c m   ^ (C=N),
&H(CDC1^) 3 . 4 2  (3H, s),  3 . 5 0  (3H, s) ,  an d  7 .  1 4 - 7 . 4  6 ( lOH, m ) ,
§C (C D C 1^)  3 8 . 9  (q),  4 0 . 3  (q),  1 2 2 . 4 - 1 3 1 .  1 (m ) ,  144. 8 (s ) ,
14 6 .0  ( s ) , 166.  1 ( s) and  182.  8 (s) p p m .  (Found: C , 64.  35;
H, 5 . 0 1 ;  N,  1 8 . 8 6 .  r e q u i r e s  C 64 . 86; H,  5 . 4 0 ;
N, 18.91%)
g) H e c t o r ' s  B a s e  - M eN CS a d d u c t  (.021)
MeNCS (2 m l )  w a s  a d d e d  to a  so lu t ion  of H e c t o r ' s  B a s e  (1 g)
in  h o t  a c e to n e  and  th e  m i x t u r e  a l lo w e d  to co o l .  Y e l lo w  c r y s t a l s
w e r e  f i l t e r e d  off and  r e c r y s t a l l i s e d  f r o m  a c e t o n e .
M . p .  2 2 4 ° ,  m / e  341 ( m ”^ ), V (mul l)  3 2 80 -3380  (NH) andm a x  ' ' ' ^
1570 c m " ^  (C=N),  SC ( [^H^ ]DM SO) 3 1 . 4 ,  1 1 9 . 7 - 1 2 9 . 8 ,  1 3 4 . 9 ,
1 3 9 . 4 ,  1 4 7 . 7 ,  1 7 5 .7  and  1 7 8 . 6 ,  5n ( i^ H ^]D M SO )  - 1 5 1 . 3 ,  - 1 9 9 . 6 ,
- 2 8 1 . 1 ,  - 2 5 1 . 4 ,  a n d -2 8 8 .  1 p p m  (Found: C,  5 6 . 0 7 ;  H ,  4 . 4 4 ;  N,
2 0 . 5 6  . C ,H ^gN gS ^  r e q u i r e s  C ,  5 6 . 2 8 ;  H,  4 . 4 3 ;  N,  20.51%)
h) H e c t o r ' s  B a s e  - PhN G S a d d u c t  (102^
T h e  a b o v e  w a s  r e p e a t e d  u s i n g  PhNG S to give y e l lo w  c r y s t a l s .
M . p .  2 2 0 ° ,  m / e  4 0 3  (M ^) ,  V  (m ul l )  3240 -3 1 4 0  (NH) andm a x  '  ^ '
1580 c m " ^  (G=N),  6 g ( i ^ H ^ p M S O )  1 1 9 . 9 - 1 3 0 .  1 (m) ,  1 3 5 .0  (s ) ,
139 .4  ( s ) ,  1 3 9 . 8  ( s ) ,  1 4 7 . 8  ( s ) ,  1 7 8 .2  (s ) ,  and  1 8 4 .2  (s) p p m  {
(Found: G, 62.  34; H,  4 . 1 7 ;  N,  1 7 . 2 6 .  C ^ ^H ^^ N ^S ^  r e q u i r e s  





i) H e c t o r ' s  B a s e  - M eN C O  a d d u c t  (125)
M eN CO  (2 m l)  w a s  a d d e d  to a so lu t ion  of H e c t o r ' s  B a s e  (1 g) 
in  ho t  a c e t o n e  and th e  m i x t u r e  a l lo w e d  to co o l .  T h e  w h i te  c r y s t a l s  
o b ta in ed  w e r e  r e c r y s t a l l i s e d  f r o m  a c e t o n e .
M . p .  2 2 3 ° ,  m / e  325 (M"*"), S c ( L^H^ JDMSO) 3 9 . 3  (q),
1 1 9 . 6 - 1 2 9 . 8  (m ) ,  1 3 4 .5  ( s ) ,  1 3 9 .4  (s ) ,  1 4 6 ,8  ( s ) ,  1 6 3 . 5  ( s ) ,  and 
174 .2  (s) p p m  (Found :  C ,  5 8 . 7 7 ;  H,  4 . 4 5 ;  N,  2 1 . 8 8  
r e q u i r e s  C ,  5 9 . 0 6 ;  H,  4 . 6 5 ;  N, 21.52%)
j ) H e c t o r ' s  B a s e  - P h N C O  a d d u c t  (,126)
T h e  above  w a s  r e p e a t e d  u s i n g  P h N C O .
M . p .  2 1 4 ° ,  m / e  387 (M"*"), V (mul l)  3380,  3250 (NH) and  
1700 c m " ^  (C=0)  S c ( i ^ H ^ ] D M S O )  1 1 8 . 2 - 1 3 0 .  1 (m ) ,  134 .4  ( s ) ,  |
139 .4  ( s ) ,  1 4 0 . 0  ( s ) ,  147 .4  ( s ) ,  161 .4  (s) and  175.  8 (s) p p m ,
(Found; C ,  6 4 . 7 7 ;  H,  5. 11; N,  1 5 . 8 9  C^^H^ N^OS r e q u i r e s  
C,  65.  10; H ,  5 . 1 5 ;  N,  15.49%)
k) H e c t o r ' s  B a s e  - 4 - N i t r o b e n z e n e d i a z o n i u m  t e t r a f l u o r o b o r a t e  
a d d u c t  (128)
D i m e t h y l a t e d  H e c t o r ' s  B a s e  (1 g) and  4 - n i t r o b e n z e n e d i a z o n i u m
t e t r a f l u o r o b o r a t e  (V oge l ,  1978) (1 g) w e r e  d i s s o l v e d  i n  a c e t o n i t r i l e
(100 m l)  and s t i r r e d  f o r  2 h a t  r o o m  t e m p e r a t u r e .  T h e  s o lv e n t
w a s  r e m o v e d  and  e th a n o l  a d d e d  to  t h e  r e s i d u e .  T h e  d e e p  r e d  c r y s t a l s
w e r e  r e c r y s t a l l i s e d  f r o m  d i c h l o r o m e t h a n e .
M . p .  1 3 0 - 1 4 0 °  ( d e c . ) ,  V  (mul l )  1570 (C=N),  1080,  850, and' m a x  '  ^ ^
770 c m " '  ( B F ‘ ), 380, 3980,  5 h {CDG1 ) .  3.  00 (3H, s ) , 3. 26 (3H, s ) ,
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and 6, 6 6 - 7 . 2 6  ( 1 4 H ,m ) ,  &G(CDC1 ) 3 3 . 6  (q), 4 3 . 1  (q) , 123.  8 - 1 3 2 . 3  
(m) ,  1 4 3 . 6  (s) ,  1 5 6 .0  (s)  and  1 7 8 .6  ( s ) ,  6 N ( G D C l J  - 1 5 . 5 ,  - 2 0 9 . 8 ,  
- 2 2 1 . 8 ,  - 2 8 6 . 6 ,  and  - 3 0 3 .  6 p p m  (Found: G, 5 0 , 1 4 ;  H,  3 . 9 6 ;  N, 
16 .8 0  G ^ ^ H ^ qN ^ O ^ S B F ^  r e q u i r e s  G, 4 9 . 5 5 ;  H, 3 . 7 7 ;  N,  18.38%) 
T h e r e  w a s  no r e a c t i o n  of d i m e t h y l a t e d  H e c t o r ' s  B a s e  w i th  GS^ 
and  MeNGS,
1) H e c t o r ' s  B a s e  - B e n z e n e d i a z o n i u m  t e t r a f l u o r o b o r a t e  a d d u c t
H e c t o r ' s  B a s e  ( 2 . 6 8  g) and  b e n z e n e d i a z o n i u m  t e t r a f l u o r o b o r a t e  
(3 g) in  D M F  w e r e  s t i r r e d  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e .
N i t r o g e n  g a s  w a s  l i b e r a t e d .  A f t e r  t h a t ,  c h l o r o f o r m  (200 m l )  w a s  
added  and t h e n  w ho le  c o n t e n t s  w e r e  w a s h e d  w i th  w a t e r  in  o r d e r  to 
r e m o v e  u n r e a c t e d  d i a z o n i u m  s a l t  and D M F .  A f t e r  so lv e n t  r e m o v a l ,  
t h e  r e s i d u e  w a s  t r e a t e d  w i th  c o l u m n  c h r o m a t o g r a p h y  (Al^O^) ,  T h e  
c o l u m n  w a s  w a s h e d  w i th  e t h e r ,  c h l o r o f o r m  and  a c e t o n e  r e s p e c t i v e l y .  
E t h e r  e x t r a c t i o n  gav e  w h i t e  c r y s t a l s  c o n t a m i n a t e d  w i th  r e d  gu m ,  
w h ic h  w a s  r e m o v e d  by  w a s h i n g  w i th  m e t h a n o l  g a v e  c o l o u r l e s s  
c r y s t a l s  of 1, 4 - d i p h e n y l b e n z e n e  (130).
M . p .  20 9 °  ( l i t .  2 0 ^ 2 1  P o l l o c k  e t  a l ,  1965),  m / e  230 (m ’’"). 
O t h e r  p r o p e r t i e s  a r e  i d e n t i c a l  to  a u th e n t i c  s a m p l e .
C h l o r o f o r m  e x t r a c t i o n  gav e  r e d  l iqu id  w h ic h  y i e ld e d  d e e p  
o r a n g e  c r y s t a l s  of 4 - h y d r o x y a z o b e n z e n e  (131) a f t e r  k e e p i n g  f o r  a 
l o n g  t i m e .
M . p .  152°  ( l i t .  152° ,  P o l l o c k  et  a l ,  1965),  m / e  198 (M+),
(m u l l )  31 2 0 -4 0  (OH) and  1585 c m   ^ (N=N), Ô G( [^H^ ]ac e to n e )  
1 1 6 .5 9 ,  1 2 3 . 0 7 ,  1 2 5 . 6 3 ,  1 2 9 . 8 1 ,  1 3 0 .9 9 ,  1 4 7 . 0 6 ,  1 5 3 .5 0  and  
161 .31  p p m  (F ound :  G, 72 .  94; H,  4 . 9 1 ;  N,  1 3 . 9 8  C ^^H  N^O
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r e q u i r e s  C,  7 2 , 7 1 ;  H,  5 . 0 8 ;  N,  14.13%)
A c e to n e  e f f lue n t  gave  a y e l lo w  so l id  (132) w h ich  w a s  
r e c r y s t a l l i s e d  f r o m  m e t h a n o l .
M . p .  2 9 8 ° ,  V  (m ul l )  3400 -3180  (NH) and  1580 c m " ^  (G=N)m a x
-
5 h ( [^H ^ ]D M S O )  7 . 1 2 - 7 .  50 ( 1 0 H ,m )  and 7 . 7 4 - 7 .  84 ( 5 H , m ) ,
5 g [ (^H ^jD M SO ) 1 2 0 . 8 5 ,  1 2 3 . 4 1 ,  1 2 8 .4 7 ,  1 2 9 . 0 4 ,  130. 83,  133.  84 ( s ) ,  
138 .62  ( s ) ,  149.  53 (s) and  1 7 8 . 2 8  (s)  p p m .  (Found:  G , 5 1 , 0 2 ;  H,  3 . 5 5 ;
N, 1 8 .4 3  H N ^S B F ^  r e q u i r e s  G, 5 2 . 1 9 ;  H,  3 . 7 2 ;  N,  18.25%)
X (G H .O H ) 400 ,  308,  254 and  206 n m .  m a x  3
D i m e t h y l a t e d  H e c t o r ' s  B a s e  did no t  r e a c t  w i th  b e n z e n e d i a z o n i u m  
t e t r a f l u o r o b o r a t e .  In  t h i s  c a s e  and in  a b lank  e x p e r i m e n t  (w i thou t  §
H e c t o r ' s  B a s e ) ,  c o m p o u n d s  (130) and  (131) w e r e  o b t a in e d  u n d e r  the  
s a m e  c o n d i t i o n s  a s  we u s e d  a b o v e .
i:
C H A P T E R  6
R e a c t i o n  of an  a l k a l i n e  s o lu t io n  of p i c r i c  a c id  w i th  
c r e a t i n i n e ,  h y d a n to in ,  and p y r u v i c  ac id
128
IN T R O D U C T IO N
In  th i s  c h a p t e r  w e h a v e  a t t e m p te d  to  unfo ld  th e  c o m p l ic a te d  
s to r y  of the  J a f f é  r e a c t io n  i e .  the  r e a c t i o n  of p i c r i c  a c id  and  
c r e a t i n i n e  in  a lk a l in e  m e d i a .  T h i s  r e a c t io n  g iv e s  a  r e d  c o lo u ra t io n  
w h ich  h a s  b e e n  u s e d  fo r  m a n y  y e a r s  in  th e  q u a n t i t a t iv e  d e t e r m i n a t i o n  
of c r e a t i n i n e  p r e s e n t  in  b io lo g ic a l  f lu id s .  W e h a v e  i s o la te d  a r e d  
so lid  f r o m  the  r e a c t i o n  m i x t u r e ,  w h ich  i s  r e s p o n s ib l e  f o r  th e  
c o lo u ra t io n  and  h a v e  e s t a b l i s h e d  i t s  s t r u c t u r e  by  th e  a p p l ic a t io n  
of s p e c t r a l  t e c h n iq u e s .  B e s i d e s  th i s  , the  r e a c t i o n  of a n  a lk a l in e  
s o lu t io n  of p i c r i c  a c id  w ith  h y d a n to in  and p y ru v ic  a c id  h av e  a l s o  
b e e n  e x a m in e d .
M o r e o v e r ,  th e  b e h a v io u r  of p i c r i c  a c id  and  c r e a t i n i n e  in  
n e u t r a l  and  a lk a l in e  m e d ia  h a s  b e e n  th o ro u g h ly  s tu d ie d  by  th e  
u s e  of p r o to n  an d  c a r b o n - 13 n m r  s p e c t r o s c o p y .  W e h av e  found 
th a t  c r e a t in i n e  in  a lk a l in e  m e d ia  b e h a v e s  a s  a  m o le c u le  w ith  two 
n u c le o p h i l i c  c e n t r e s  i e .  c a r b a n io n  and  im in o  (=D% a n io n s  a r e  bo th  
in v o lv ed  in  th e  f o r m a t io n  of th e  r e d  so lid  and no H /D  ex ch a n g e  
o c c u r s  in  th e  c a s e  of p i c r i c  a c id .  A r e a c t i o n  m e c h a n i s m  f o r  the  
J a f f e  r e a c t i o n  h a s  b e e n  p r o p o s e d .
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R E S U L T S  AND DISCUSSION
J a f fe  (1886) r e p o r t e d  th a t  a d d i t io n  of c r e a t i n i n e  ( 2 - i m i n o - l -  
m e th y l i m a z o l id in - 4 - o n e )  (133) to  an  a lk a l in e  s o lu t io n  of so d iu m  
p i c r a t e  r e s u l t s  in  f o r m a t io n  of a r e d  c o l o u r .  T h i s  r e a c t i o n  w as  
a d o p ted  by  F o l i n  (1904) a s  a  m e th o d  fo r  the  q u a n t i t a t iv e  e s t i m a t io n  
of c r e a t i n i n e  in  b io lo g ic a l  f lu id s ,  bu t th e  n a t u r e  of the  r e d  s p e c ie s  
f o r m e d  in  th e  r e a c t i o n  h a s  n e v e r  b e e n  d e t e r m in e d  w ith  c e r t a i n t y .  
G re e n w a ld  and  G r o s s  (1924) s u g g e s te d  th a t  i t  i s  a  t a u t o m e r  of 
c r e a t i n i n e  p i c r a t e  but d id  n o t  s p e c ify  th e  e x a c t  s t r u c t u r e  of the  
t a u t o m e r .  T h e y  found th a t  one m o le  of p i c r i c  a c id  a p p e a r s  to 
be r e q u i r e d  fo r  e a c h  m o le  of c r e a t i n i n e ,  but th e  fu ll  c h ro m o g e n ic  
va lu e  of th e  c r e a t i n i n e  d e v e lo p s  in  th e  p r e s e n c e  of a n  e x c e s s  of 
p i c r i c  a c id .  T h e y  ro u g h ly  e s t i m a t e d  th a t  2 .5  m o l e s  of p i c r i c  
a c id  a r e  n e e d e d  f o r  e a c h  m o le  of c r e a t i n i n e .  L a t e r ,  G re e n w a ld  
(1928) i s o la te d  a  r e d  so lid  f r o m  th e  r e a c t i o n  m i x tu r e  and p o s tu la te d  
b o th  1:1 and  2:1 c o m p le x e s  of c r e a t i n i n e  and  p i c r i c  a c id .  T h i s  
re d  so lid  w a s  q u i te  d i f f e r e n t  f r o m  th e  p i c r a t e ,  b u t  he  r e a s s e r t e d  
h is  p r e v io u s  v ie w s  th a t  f o r m a t io n  of r e d  c o lo u re d  t a u t o m e r  of 
c r e a t i n i n e - p i c  r a t e  w as th e  c a u s e  of c o lo u r .  B o l l in g e r  (1936) 
o b ta in e d  a  r e d  so lid  w h i c h  a n a ly s e d  a s  a  c o m p le x  of one  m o le  of 
p i c r i c  a c id ,  one m o le  of c r e a t i n i n e  and two m o l e s  of so d iu m  
h y d ro x id e .  S e e l ig  (1969),  f r o m  s p e c t r o s c o p i c  and c h r o m a to g r a p h i c  
s tu d ie s ,  show ed  th a t  th e  r e d  s p e c i e s  i s  n o t  p i c r a m i c  a c id  and  
S e e l ig  and  W u s t  (1969) p r o p o s e d  s t r u c t u r e  (134).  S i m i l a r  s p e c ie s  
h a v e  b e e n  d e te c te d  by  B e r n a s c o n i  (1 970) in  th e  r e a c t i o n  of a m in e s  
w ith  p o ly n i t r o  c o m p o u n d s ,  bu t th e y  h av e  a  v e ry  s h o r t  l i f e - t i m e  (a 












s t r u c t u r e .  B u t l e r  ( 1975) c l a im e d  th a t  r e d  s p e c i e s  f o r m e d
in  th e  J a f fe  r e a c t io n  w a s  th e  r e s u l t  of a t t a c k  by th e  c r e a t i n i n e  
a n io n  a t  th e  u n s u b s t i tu t e d  p o s i t i o n  of p i c r a t e  io n  to  g ive  1:1 and 
2:1 c o m p le x e s  (135, 136), R e c e n t ly ,  V a s i l i a d e s  (1976),  on the  
b a s i s  of s p e c t r o p h o t o m e t r i c , k in e t ic  and  n u c l e a r  m a g n e t ic  
r e s o n a n c e  s tu d ie s ,  t r i e d  to  p r o v e  th a t  a lk a l in e  p i c r a t e  and 
c r e a t i n i n e  r e a c t  to  f o r m  a 1:1 a d d u c t .  He p r o p o s e d  s t r u c t u r e
(137) in  a d d i t io n  to  (134), b u t  the  s p e c t r o s c o p ic  ev id e n c e  g iven  
in  t h e i r  s u p p o r t  a r e  in c o n s i s t e n t  w ith  (137) and  (134).
We h a v e  found th a t  p i c r i c  a c id  r e a c t s  w ith  c r e a t i n i n e  in 
a lk a l in e  m e d ia  to  a f fo rd  a  b r ig h t  r e d  s u b s ta n c e  (13 8) w h ich  d o e s  
not m e l t  a t  a l l .  I t  d o e s  n o t  show  a m o l e c u l a r  io n  p e a k  an d  we 
c a n n o t  d e d u c e  a n y th in g  f r o m  i t s  m a s s  s p e c t r u m .  T h i s  f a i l u r e  
m a y  be  due  to  i t s  b e in g  a n  in v o la t i le  s a l t .  H o w e v e r ,  on th e  
b a s i s  of e l e m e n t a l  a n a l y s i s  and  s p e c t r o s c o p i c  e v id e n c e  w e s u g g e s t  
a  m o l e c u l a r  f o r m u l a  of ^ 2 6 ^  1 2 ^  1 5 ^ 2 3 ^ ^ 7  f o r  (138).  C o m p o u n d
(138) i s  h ig h ly  h y g r o s c o p ic  in  n a t u r e  and  d i f f ic u l t  to  d r y .  T h a t  i s  
w hy the  p e r c e n t a g e  of h y d ro g e n  found  i s  g r e a t e r  th a n  th e  r e q u i r e d  
a m o u n t .  H o w e v e r ,  a f t e r  p ro lo n g e d  d ry in g  u n d e r  r e d u c e d  p r e s s u r e  
a t  lOO^C i t  d o e s  n o t  show  an y  a b s o r p t io n  above  3000 cm"  ^ w h ich  
in d i c a te s  u p ta k e  o f  m o i s t u r e  d u r in g  s a m p le  h a n d l in g .  W hen  i t  
w as  k e p t  open  f o r  s o m e t im e  a t  r o o m  t e m p e r a t u r e ,  i t  show ed a  
v e r y  b r o a d  a b s o r p t i o n  due to  the  h y d ro x y l  g roup . O th e r  p o r t i o n  
of th e  i r  s p e c t r u m  (C =0 an d  C g r o u p ]  r e m a in e d  c o n s i s t e n t .
T h e  s a m e  p r o b l e m  w a s  e n c o u n te r e d  d u r in g  so d iu m  a n a l y s i s .  In  
th e  n o r m a l  w ay , the  p e r c e n ta g e  of so d iu m  found w a s  1 3 .6  u n i t s  
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to  14. 15% ( r e q u i r e d  15. 1%). D e s p i t e  a l l  p o s s i b l e  p r e c a u t i o n s ,  
we co u ld  not avo id  s o m e  m o i s t u r e  a b s o r p t i o n ,  p r o b a b ly  d u r in g  
th e  s a m p le  t r a n s f e r  to  d r y - b o x .  T h i s  e x p la in s  th e  p o o r  a n a l y s i s  
of co m p o u n d  (138).
T h e  p ro to n  n m r  s p e c t r u m  in  D^O a t  100 M Hz u s in g  b e n z e n e  
c a p i l l a r y  a s  an  e x t e r n a l  r e f e r e n c e  sh o w s  two s in g le t s  a t  5 3 ,6 1  
and 3 .9 6  p p m  ( -N G H ^ ) ,o n e  d o u b le t  a t  3 .8 9  p p m  (2 H^) and  two 
o th e r  d o u b le ts  w h ich  a r e  a l m o s t  o v e r la p p in g  a t  6 ,1 5  p p m  (2 H ^ ) .
T h e  s in g le t  a t  9 . 6  p p m  i s  a s s i g n e d  to  a r o m a t i c  p r o t o n s  (2H ). T h e  
in t e g r a t e d  p e a k  a r e a s  m a t c h  w e l l  t h e i r  r e s p e c t i v e  n u m b e r  of p r o to n s  
In  th e  c a r b o n - 13 n m r  s p e c t r u m  tw o N M e g r o u p s  (C ^) a b s o r b  a t  
S 30. 87 and  31. 95, C ^  a t  4 1 . 5 9 ,  a t  4 3 .1 3  and  4 3. 35 p p m ,  
r e s p e c t i v e l y .  In  th e  o f f - r e s o n a n c e  s p e c t r u m ,  C  ^ s p l i t s  in to  
q u a r t e t ,  a^nd C ^ in to  d o u b le t s .  T h e  a r o m a t i c  c a r b o n  (C ^) 
r e s o n a t e s  a t  127. 89 p p m  and  a l s o  e x h ib i t s  a  d o u b le t .  A d e ta i le d  
s tu d y  of s p e c t r a l  d a ta  s u g g e s t s  th a t  th e  s t r u c t u r e  of c o m p o u n d  (13 8) 
i s  s y m m e t r i c a l  and  a  s m a l l  d i s c r e p a n c y  in  c h e m ic a l  s h i f t s  of 
( 3 0 .8 7 ,  3 1 .9 5  p pm ) and  C ^  (43 . 13, 4 3 .  35 ppm ) m a y  b e  th e  c a u s e  
by v e r y  s l ig h t  tw i s t  in  m o l e c u le  in d u c e d  by th e  r o t a t i o n  of C ^ -C  ^ 
b o nd .  S i m i l a r l y ,  d i s p l a y s  tw o  a b s o r p t i o n s  a t 5  1 7 0 .0 0  and  
171. 93 p p m ,  a n d ,  C g t h r e e  a t  188. 96, 189. 35 an d  189. 68 p p m  
r e s p e c t i v e l y .  T h e  r e s o n a n c e  a t  1 1 9 ,3 8  p p m  i s  u n iq u e  and  i s  
a s s ig n e d  to  . I t s  c h e m i c a l  sh if t  a g r e e s  w i th  l i t e r a t u r e  v a lu e  
(O lah  and  M a y r ,  1976) a n d  i t  r e m a i n s  a s  a s in g le t  in  th e  o ff-  
r e s o n a n c e  s p e c t r u m  w h ic h  p r o v id e s  an  a d d i t io n a l  p r o o f  f o r  the  
s y m m e t r y  of m o l e c u l e  (138).  O th e r w is e  th e  p i c t u r e  of the
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m o le c u le  w ould  h a v e  b e e n  d i f f e r e n t .  H e n c e ,  we a s s i g n  two
s t r u c t u r e s  (138) and  (139) to  ^ 2 6 ^ 1 2 ^ 1 5 ^ 2 3 ^ ^ ?  *
d if f ic u l t  to  d i s t i n g u i s h  b e tw e e n  th e m .
2In  co m p o u n d  (138) sp  - c a r b o n s  c o n ta in in g  n i t r o  g ro u p s  do 
not a p p e a r  in  th e  s p e c t r u m .  P r o b a b ly ,  the  n i t r o g e n - 14 n u c le u s  
p o s s e s s e s  an  e l e c t r i c  quad  r  up o le  m o m e n t ,  and  i s ,  t h e r e f o r e ,  
a b le  to  i n t e r a c t  w ith  bo th  e l e c t r i c  and  m a g n e t ic  f ie ld  g r a d i e n t s ,  
w h ich  c a u s e  the  n u c le u s  to tu m b le  r a p id ly ,  so  th e  s p in - l a t t i c e  
r e l a x a t io n ,  e s p e c i a l l y  d ip o le - d ip o le  r e l a x a t io n ,  i s  g r e a t l y  a f f e c t e d .
S in ce  the  s p i n - l a t t i c e  r e l a x a t i o n  t im e  i s  lo n g e r ,  s ig n a l s  fo r  
c a r b o n  b e a r i n g  a  n i t r o g e n  a r e  e i t h e r  b r o a d  o r  s m a l l  and  s o m e t im e s  
do no t a p p e a r  in  th e  s p e c t r u m .  S i m i l a r  e f f e c t s  h a v e  a l s o  b e e n  {Ir e p o r t e d  in  the  c a s e  of n i t r o b e n z e n e  (L ev y  and N e ls o n ,  1972),
1, 3, 4 - t r i c h l o r o b e n z e n e  and o th e r  q u a t e r n a r y  c a r b o n s  (A b ra h a m  
and L o f tu s ,  1979). D e s p i t e  t h i s ,  th e  s u p r e s s i o n  of p e a k  in t e n s i ty  g
i s  f u r t h e r  a g g r a v a te d  due  to  th e  s o lv e n t  u s e d  w h ich  a d v e r s e l y  
a f f e c t s  r e l a x a t i o n  p h e n o m e n a ,  in  a d d i t io n  to  c h a n g in g  c h e m ic a l  
sh if t  p o s i t i o n s .
H e n c e ,  we d e c id e d  to  s tudy  th e  c a r b o n - 13 n m r  s p e c t r u m  of 
p i c r i c  a c id  and  o th e r  n i t r o p h e n o l s  in  d i f f e r e n t  s o lv e n t s  in  o r d e r  
to  h a v e  f u r t h e r  in s ig h t  in to  the  s t r u c t u r e  of c o m p o u n d  (138).
P i c r i c  a c id  in  DMSO and  a c e to n e  e x h ib i t s  fo u r  a b s o r p t i o n s  
w h ile  in  w a t e r  o n ly  o n e ,  w h ich  i s  a s s ig n e d  to  n o n - s u b s t i t u t e d  
c a r b o n .  I t  c h a n g e d  to  a  d o u b le t  in  the  o f f - r e s o n a n c e  s p e c t r u m  
( s e e  e x p e r i m e n t a l  s e c t io n ) .  S i m i l a r  r e s u l t s  h a v e  a l s o  b e e n  
e n c o u n te r e d  in  the  c a s e s  of 2 , 4 -  and  2, 6 - d in i t r o p h e n o l s .  T h i s  
o b s e r v a t i o n  p r o v e s  th e  n o n - e x i s t e n c e  of C ^ r e s o n a n c e  in  th e
133
s p e c t r u m  of co m p o u n d  (138) and  s u b s t a n t i a t e s  o u r  p r o p o s e d  
s t r u c t u r e  (138) .  C o n v e r s e ly ,  th e  a p p e a r a n c e  of C^ in  (138) 
is  s u r p r i s i n g ,  b u t  n o t  u n l ik e ly .  A s  O lah  and  M a y r  (1976) 
r e p o r t e d ,  in  th e  c a r b o n -  13 n m r  s tu d ie s  of M e i s e n h e i m e r  
c o m p le x e s  of n i t r o  c o m p o u n d s  4 - n i t r o  c a r b o n  (C^) r e l a x e d  
f a s t e r  th a n  2 - n i t r o  c a r b o n  (C^) b e c a u s e  of a  s m a l l  s p in - l a t t i c e  
r e l a x a t i o n  t i m e ,  w h ic h  in  t u r n ,  c o n f i r m s  the  p r e s e n c e  of C^ 
in  th e  s p e c t r u m  of (138).
A lth o u g h  th e  l i t e r a t u r e  r e v e a l s  th a t  H /D  e x c h a n g e  in  
p o ly n i t r o  c o m p o u n d s  i s  c o n t r o v e r s i a l ,  ye t s e v e r a l  w o r k e r s  
(B u n c e l  e t  a l  1968) h a v e  r e p o r t e d  th a t  e x c h a n g e  d o e s  ta k e  p l a c e .
In  o r d e r  to  s e e  th i s  e f f e c t  th e  c a r b o n - 13 n m r  s p e c t r a  of p i c r i c  
a c id  in  n e u t r a l  a s  w e l l  a s  a lk a l in e  m e d ia  w e r e  ta k e n .  A ll  th e  
c a r b o n s  a b s o r b e d  a t  t h e i r  r ig h t  p l a c e s  and no d e u t e r i u m  
e x ch a n g e  w a s  found , e v e n  k e e p in g  th e  s o lu t io n  f o r  a  long  t i m e .
If th e  e x ch a n g e  h a d  o c c u r r e d  one shou ld  h av e  a t r i p l e t  by v i r t u e  
of C -D  c o u p l in g  o r  a t  l e a s t  a  h u m p  in  a d d i t io n  to  a  d o u b le t  (C-H ) 
in  the  o f f - r e s o n a n c e  s p e c t r u m .  B u t,  n o th in g  l ik e  t h i s  w as  
found an d ,  h e n c e  co m p o u n d  (138) r e m a in e d  in t a c t  d u r in g  n m r  
s c a n n in g  in  D^O s o lv e n t .  D e s p i t e  t h i s ,  r e c e n t l y  O lah  and  M a y r  
(1976) r e p o r t e d  th a t  t h e r e  w a s  no e x c h a n g e  of 3 -H  by  d e u t e r iu m  
in  th e  s tu d ie s  of M e i s e n h e i m e r  c o m p le x  r e s u l t i n g  f r o m  th e
r e a c t io n  of 2, 4 - d i n i t r o a n i s o l e  and  m e th o x id e  io n  in  D M S O - d , .6
A p r o to n  n u c l e a r  m a g n e t i c  r e s o n a n c e  s tudy  of p i c r i c  a c id  
f u r t h e r  e n d o r s e d  o u r  f in d in g s .  A s  m e n t io n e d  in  th e  e x p e r i m e n t a l  
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r e s p e c t i v e  p la c e  ( s m a l l  d i f f e r e n c e s  in  c h e m ic a l  s h i f t s  a r e  due
to s o lv e n t ) .  O n a d d i t io n  of a  few  d r o p s  of D^O th e  p e a k  in t e n s i ty
w a s  r e d u c e d  s u g g e s t in g  th a t  th e  r in g  p r o to n s  h ad  e x c h a n g e d  w ith
d e u t e r iu m .  T h e n  th e  s p e c t r u m  w as  r e c o r d e d  in  p u r e  D^,0 and  a
v e r y  s m a l l  p e a k  a p p e a r e d  a tS  8. 9 p p m .  An e x a c t ly  id e n t ic a l
e f fe c t  w a s  s e e n  w hen  it  w a s  s c a n n e d  in  p u r e  H ^ O . M o r e o v e r ,
p i c r i c  a c id  in  a n  o r g a n ic  s o lv e n t  c o n ta in in g  a few  d r o p s  of H^O
show ed th e  s a m e  b e h a v io u r  a s  in  a n  o rg a n ic -D ^ O  s y s t e m .
H o w e v e r ,  on s l ig h t ly  b a s i fy in g  th e  so lu t io n ,  th e  p e a k  h e ig h t  w a s
f u r t h e r  r e d u c e d .  T h e s e  e x p e r i m e n t a l  f a c t s  r u l e  ou t th e  id e a  of
d e u t e r iu m  e x c h a n g e  and  s u g g e s t  s o lv a t io n  e f fec t  w h ich  cou ld
p ro b a b ly ,  be  p i c tu r e d  a s  in  F i g .  6. I v e s  and  M o s e le y  (1966)
a l s o  r e p o r t e d  th e  a b n o r m a l  b e h a v io u r  of p i c r i c  a c id  in  a q u e o u s
m e d ia  and s t r e s s e d  th e  i m p o r t a n c e  of s o lv a t io n  p h e n o m e n a .
B e s id e s  s p in - l a t t i c e  r e l a x a t i o n ,  s p i n - s p i n  r e l a x a t i o n  d e t e r m i n e s
th e  n a t u r a l  w id th  of th e  l i n e s  in  th e  s p e c t r u m .  T h i s  i s  n o r m a l ly
d e f in e d  in  t e r m s  of th e  h a l f - h e ig h t  l in e  w id th  v ^ ,  a s  shown in
2
f ig .  7 .  F o r  a  s a m p le  p o s s e s s i n g  a  s p in - s p in  r e l a x a t i o n  t i m e  T ^ ,
the  n a t u r a l  h a l f - h e ig h t  l in e  w id th  i s  g iven  by:
1
 ^ -^2
A s bo th  s p in - la t t i c e  r e l a x a t i o n  and  s p in - s p in  r e l a x a t i o n  p r o c e s s e s  
c o n t r i b u te  to  the  w id th  of a  s p e c t r a l  l in e ,  th e  e x te n s iv e  
d e l o c a l i s a t i o n  of c h a r g e  of p i c r a t e  ion  in  a q u e o u s  m e d ia  m a y  h a v e  
t ig h te n e d  up  r in g  p r o to n s  in  a  s o lv a t io n  c a g e  r e s u l t i n g  in  r e s t r i c t e d  
r o ta t io n  of th e  m o l e c u le ,  so  p r o p e r l y  o r i e n t a t e d  m a g n e t i c  n u c le i ,  
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in f r e q u e n t ly .  H o w e v e r ,  w e  s u g g e s t  th a t  due to  lo n g e r  sp in -  
l a t t i c e  and  s p i n - s p i n  r e l a x a t i o n  t i m e s ,  th e  p e a k  h e ig h t  of th e  
r in g  p r o to n s  of p i c r a t e  io n  h a s  s u p p r e s s e d .  T h a t  i s  w hy p i c r i c  
a c id  in  b e n z e n e ,  c h l o r o f o r m ,  a c e to n e  and  DMSO d i s p la y s  a 
r e a s o n a b l e  p e a k  in t e n s i ty  b u t  a d d i to n  of H ^ O /D ^ O  in  th e s e  
so lv en t  r e d u c e s  th e  p e a k  h e ig h t .  T h e  a d d i t io n  of a lk a l i  f u r t h e r  
a g g r a v a t e s  th e  s i tu a t io n ,  r e f l e c t i n g  th e  r o le  of so lv a t io n  r e s u l t i n g  
f r o m  th e  p i c r a t e  io n  th a t  f o r m e d  in  th e  s o lu t io n .  If t h e r e  had  
b e e n  d e u t e r iu m  e x c h a n g e ,  one shou ld  h av e  a t r i p l e t  o r  a t  l e a s t  a 
h u m p  in  c a r b o n - 13 n m r  s p e c t r a  ( s e e  e x p e r i m e n t a l  s ec t io n )  and 
a r e a s o n a b l e  p e a k  in  p ro to n  n m r  s p e c t r u m  w h en  H^O i s  u s e d  a s  
s o lv e n t .  H e n c e ,  c a r b o n - 13 and  p ro to n  n m r  s tu d ie s  c o m p le te ly  
r e m o v e  th e  id e a  of d e u t e r i u m  e x c h a n g e  u n d e r  o u r  e x p e r i m e n t a l  
c o n d i t io n s .
C r e a t in in e  b e h a v e d  d i f f e r e n t ly  in  n e u t r a l  and  a lk a l in e  m e d ia .  
P r o to n  n u c l e a r  m a g n e t i c  r e s o n a n c e  s tu d ie s  in  D ^O  h a d  two 
a b s o r p t i o n s  at 'b  3 .0 4  and  4 . 0 3  p p m ,  r e l a t i v e  to  t r i m e t h y l s  il a n e ,  
ow ing to  the  m e th y l  an d  m e th y le n e  p r o t o n s .  T h e  p r o to n  of the  
NH g roup  h ad  e x c h a n g e d  w ith  d e u t e r iu m .  O n a d d i t io n  of N aO D , 
the  a b s o r p t i o n  a tS  4 , 0 3  p p m  d i s a p p e a r e d  w h ich  in d ic a te d  th a t  
c r e a t i n i n e  w a s  in  r a p id  e q u i l i b r i u m  b e tw e e n  th e  eno l and  k e to  
f o r m s  (133, 141). B u t l e r  (1975) r e p o r t e d  th a t  th e  c a r b a n io n  of 
c r e a t i n i n e  a t t a c k e d  th e  u n  sub  s t i tu te d  p o s i t i o n s  of p i c r i c  a c id  to  
give  (135) and  (136) and  Y a s i l i a d e s  (1976) c l a im e d  th a t  i t  w a s  
e n o la te  a n io n  of c r e a t i n i n e  w h ich  in v o lv e s  in  th e  f o r m a t io n  of 
1:1 c o m p le x .  H e s u g g e s te d  s t r u c t u r e s  (134) and (137).




















s t r u c t u r e s .  T h e r e  i s ,  of c o u r s e ,  a n o th e r  p o s s i b i l i t y  th a t  
im in o (  C=N) n i t r o g e n  m a y  a t t a c k  th e  m e t a  p o s i t i o n s  of p i c r i c  
a c id  r e s u l t i n g  in  ( 142) an d  (14 3), an d  a g a in  o u r  f in d in g s  a r e  
in c o n s i s t e n t  w ith  s t r u c t u r e s  (142) and  (14 3).
H o w e v e r ,  i t  w a s  d e c id e d  to  e x a m in e  th e  b e h a v io u r  of 
c r e a t i n i n e  a lo n e  in  n e u t r a l  and in  a lk a l in e  m e d i a .  T h e  c a r b o n -  13 n m r  
s p e c t r u m  in  w a t e r  (H ^O ,D ^O ) e x h ib i te d  fo u r  a b s o r p t i o n s  a t 
S 32 .91»  5 9 .0 9 ,  172. 11 and  1 91. 26 p p m  r e s p e c t i v e l y .  T h e  f i r s t  
two a b s o r p t i o n s  w e r e  a s s ig n e d  to  -N M e an d  m e th y le n e  ( -C H ^ -)  |
g ro u p s  and  th e y  s p l i t  in to  a q u a r t e t  and a  t r i p l e t  in  th e  o f f - r e s o n a n c e  j
s p e c t r u m .  T h e  l a s t  tw o r e m a in e d  u n c h a n g e d  and  w e r e  a t t r i b u t e d  to  4Ii m in o - c a r b o n  and  c a r b o n y l  g r o u p s .  An ag ed  s o lu t io n  did  n o t  show |Iany  d e u t e r i u m  ex c h a n g e  w ith  m e th y le n e  p r o t o n s .  H o w e v e r ,  on  1
ad d i t io n  of a  few  d r o p s  of NaOH in to  a q u e o u s  c r e a t i n i n e  so lu t io n ,  1l
a  s e r i e s  of l i n e s  e m e r g e d  on the s p e c t r u m .  A f t e r  c a r e f u l  s tu d y  :.3
■1of d a ta ,  a s  m e n t io n e d  in  th e  e x p e r i m e n t a l  s e c t io n ,  w e found th a t ,  WIin  a d d i t io n  to  NH p r o to n ,  s o d iu m  h y d ro x id e  had  a b s t r a c t e d  on ly
one p r o to n  f r o m  m e th y le n e  g ro u p  and  th e  r e s u l t i n g  t r i a n i o n  (14 5)
r e m a in e d  in  e q u i l i b r i u m  w ith  the  s t a r t i n g  m a t e r i a l  (133). T h a t  '^ÎIi s  w hy, two -N M e a b s o r p t i o n s  w e r e  o b s e r v e d  a t  5  3 1 .1 2  (C ,)  |
1
and 3 7 .4 6  (C^) p p m .  A  c o l l e c t io n  of f iv e  l i n e s  r e s u l t i n g  f r o m  |
i(doublet)  an d  ( t r i p l e t )  w a s  a l s o  s e e n  in  th e  o f f - r e s o n a n c e  %
■4
s p e c t r u m .  G ^ r e s o n a t e d  a t  5 5 4 .8 1  w h ile  a t  57 , 14 p p m ,  |
B e s i d e s  t h i s ,  C ^ ,  C ^ ,  and  Cg a b s o r b e d  a t  S 1 6 2 .2 5 ,  1 7 3 .6 8 ,  I
177 .81  and  1 8 7 .9 2  p p m  r e s p e c t i v e l y ,  and th e y  r e m a i n e d  u n s p l i t  II
in  the  o f f - r e s o n a n c e  s p e c t r u m .  A l l  the  c a r b o n s  p e r t a in in g  to
s t r u c t u r e  (14 5) m o v e d  u p f ie ld  c o m p a r e d  to  th e  c a r b o n s  of |
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s t r u c t u r e  (133) ,  T h i s  s tudy  u n a m b ig u o u s ly  i n d i c a t e s  the  a
m a x im u m  p o p u la t io n  of s t r u c t u r e s  (1 33) and  (145) i n  so lu t io n .
M o r e o v e r ,  r e s o n a n c e s  b e lo n g in g  to  and  G w e r e  n o t  s e e n  
w h ich  r e f l e c te d  th a t  p r o b a b ly  s p e c i e s  (14 6) and  (147) w e r e  in  a 
v e r y  low  c o n c e n t r a t i o n  o r  d id  n o t  e x i s t ,  a l th o u g h  th e o r e t i c a l l y ,  
t h e i r  e x i s t e n c e  i s  p o s s i b l e .  R e m o v a l  of bo th  h y d r o g e n s  f r o m  
m e th y le n e  g ro u p  in  p r e s e n c e  of p r o t i c  so lv en t  s e e m s  to  b e  
u n l ik e ly .  D e s p i t e  th i s ,  w h en  c r e a t i n i n e  s p e c t r u m  in  D^O + NaOD |
w a s  ta k e n ,  a b r o a d  h u m p  r e s u l t i n g  f r o m  a t t a c k  of d e u t e r i u m  a t  
m e th y le n e  c a r b o n  (C^) c a m e  up  w h ile  o th e r  a b s o r p t i o n  p e a k s  
r e m a in e d  u n a f fe c te d .
T h e r e  i s ,  of c o u r s e ,  a n o th e r  p o s s i b i l i t y .  D o e s  c r e a t i n i n e  
s k e le to n  r e m a i n  in t a c t  o r  r u p t u r e  in  a b a s ic  m e d ia ?  W e found 
th a t  t h e r e  w a s  no c h a n g e  in  c r e a t i n i n e  s t r u c t u r e  w h en  it  w as  
s t i r r e d  in  5% so d iu m  h y d ro x id e  s o lu t io n  a t  r o o m  t e m p e r a t u r e .
T he  m a t e r i a l  w a s  r e c o v e r e d  u n c h a n g e d  and show ed  no d e p r e s s i o n  
i n  m ix e d  m e l t i n g  p o in t .  E v e n  d u r in g  h y d r o ly s i s  of co m p o u n d  (14 8) 
w ith  c o n c e n t r a t e d  so d iu m  h y d ro x id e  th e  c r e a t i n i n e  s k e le to n  r e m a in e d  
in t a c t  and th e  r e s u l t i n g  p r o d u c t  ( 149) w as  id e n t i f i e d  by a l l  m e a n s .
T h u s ,  th e  f a c t s  so f a r  w e h a v e  o b ta in e d ,  r e f l e c t  c r e a t i n i n e  in  a 
b a s i c  m e d ia  b e h a v e s  as a m o l e c u l e  w ith  two n u c le o p h i l i c  c e n t r e s ,  
ie .  c a r b a n io n  and  im in o  n i t r o g e n  an io n  (=N) a r e  b o th  in v o lv ed  
in  the  f o r m a t io n  of c o m p le x  (138).
C o m p le x  (138) i s  v e r y  so lu b le  in  w a te r  and  on a c id i f ic a t io n  
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G r e e n w a ld  and  G r o s s  (1924, 1928) a l s o  r e p o r t e d  s i m i l a r  c h e m ic a l  
c h a n g e s .  T h i s  r e d  so l id  c h a n g e d  i t s  c o lo u r  to  y e l lo w  w hen  i t  w a s  
k e p t  in  an  o v en  a t  1 3 0 -1 4 0 ° .  C h e m ic a l ,  p h y s i c a l  and  s p e c t r a l  
e v id e n c e  in d ic a te  th a t  t h e r e  i s  no c h e m ic a l  bond f o r m a t io n  in  (150) 
bu t m e r e l y  a n  e l e c t r o s t a t i c  a t t r a c t i o n  b e tw e e n  p i c r i c  a c id  and  
c r e a t i n i n e .  T h i s  p i c r a t e  (150) i s  f u r t h e r  c o n f i r m e d  b y  c o m p a r i s o n  
w ith  a u th e n t ic  s a m p l e .  F r o m  th e  f i l t r a t e  p i c r i c  a c id  w a s  
r e c o v e r e d  and  p r o v e d  by  a l l  m e a n s .
In  a n o th e r  e x p e r i m e n t ,  w e t r i e d  to  r e p l a c e  s o d iu m  c a t io n  by 
o rg a n ic  c o u n t e r p a r t  ( p h a s e - t r a n s f e r  c a t a ly s t ) .  D u r in g  v ig o ro u s  
sh ak in g  and  m u l t ip l e  e x t r a c t i o n ,  a g a in  w e o b s e r v e d  th a t  c o m p o u n d  
(1 )8 )  h ad  f r a g m e n te d  and w e co u ld  o n ly  i s o l a t e  p i c r a t e  of 
t e t r a b u ty l a m m o n iu m  (151). I t s  s p e c t r a l  d a ta  a r e  g ive  in  th e  
e x p e r i m e n t a l  s e c t io n .
T h e r e  a r e  s e v e r a l  fu n c t io n a l  g ro u p s  on  th e  c r e a t i n i n e  
m o l e c u le ,  an y  one of w h ich  m a y  be  in v o lv ed  in  th e  J a f f e  r e a c t i o n .
W e t r i e d  o u r  b e s t  to  m e th y la t e  n i t r o g e n s  of c r e a t i n i n e ,  e s p e c i a l l y  
th e  im in o  g ro u p  (=NH) b u t  w e r e  u n s u c c e s s f u l .  H o w e v e r ,  
c o m p o u n d s  l ik e  h y d a n to in  (152) and  p y ru v ic  a c id  (153) w e r e  
ta k e n  w h ich  had  no im in o  g ro u p  (C=NH) and  a c te d  a s  a  m o le c u le  
w ith  s in g le  n u c le o p h i l i c  c e n t r e  in  a lk a l in e  m e d i a ,  K a m m e r a a t  
(1978) r e p o r t e d  i n t e r f e r e n c e  of p y r u v a te  and  o th e r  or-keto 
c o m p o u n d s  in  th e  e s t i m a t io n  of c r e a t i n i n e  p r e s e n t  in  b io lo g ic a l
f lu id s .  T h i s  p ie c e  o f  i n f o r m a t io n  a l s o  p r o m p te d  u s  to  look  in to
■ 1
th e  r e a c t io n  of p i c r i c  a c id  w i th  a lk a l in e  s o lu t io n  of p y ru v ic  a c id .  '
C o m p o u n d s  (152) and  (153), b o th  g ave  b r ig h t  r e d  p o w d e r  w h ich  ;
•!
did n o t  m e l t ,  so th e y  m u s t  b e  s a l t s .  T h e i r  m a s s  s p e c t r a  w e r e  ‘'i
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not in f o r m a t iv e .  T h e  c h a r a c t e r i s t i c s  of b o th  w e r e  a k in  to  (138).
E l e m e n t a l  a n a l y s i s  and  s p e c t r o s c o p i c  e v id e n c e  s u g g e s te d  
m o l e c u l a r  f o r m u l a e  of ]3Na (154) and  [C ]3N a
(155).
T h e  p ro to n  n m r  s p e c t r u m  of (154) in  D^O a t  100 M H z u s in g
b e n z e n e  c a p i l l a r y  a s  an  e x t e r n a l  r e f e r e n c e ,  e x h ib i te d  tw o  s in g le t s
a t  5 9 .1 4  and  4 , 9 3  p p m  ow ing  to  p r o to n s  H and  H , No
m e th y le n e  p r o to n s  w e r e  o b s e r v e d ,  on ly  o nce  a t  60 M H z a
d o u b le t  (due to  -GH_ - a t  5 2. 5 ppm ) and a t r i p l e t  (due  to  H, a t
5 4 . 93 ppm ) w e r e  s e e n  w hen  th e  s p e c t r u m  w a s  ta k e n  on th e  spot
u s in g  t r i m e t h y l s i l a n e  a s  an  e x t e r n a l  r e f e r e n c e .  T h i s  m ig h t  be
th e  c a u s e  of r a p id  e x c h a n g e  of m e th y le n e  p r o to n s  w ith  s o lv e n t  (D^O).
S o m e t im e s  a  w eak  d o u b le t  a t  8 5 ,9 7  p p m  w as  o b s e r v e d  w h ic h
co u ld  be  due to  s t r u c t u r e  ( 156) a s  show n in  S c h e m e  23 . T h i s
d o u b le t  d i s a p p e a r e d  w ith  t i m e .  In  th e  c a r b o n -  13 n m r  s p e c t r u m ,
u s in g  H^O a s  so lv e n t ,  m e th y le n e  c a r b o n  r e s o n a t e d  a t  5 27 . 34 and  
3 2th e  sp and  sp c a r b o n s  of p h e n y l  r in g  a b s o r b e d  a t  4 9 .5 5  and 
12 7 .9 7  p p m .  T h e s e  c a r b o n s  s p l i t ,  r e s p e c t i v e l y ,  e a c h  in to  a  
t r i p l e t  and  d o u b le t .  T h e  c a r b o n y l  g ro u p s  a p p e a r e d  a t  S 141 .94  
and  1 6 3 ,3 5  p p m .  C a r b o n s  c o n ta in in g  n i t r o  g r o u p s  did  n o t  
e m e r g e  and th e  r e a s o n  f o r  t h i s  d i s a p p e a r a n c e  h a s  a l r e a d y  b e e n  
e x p la in e d .  W e l l  d r i e d  s a m p le  g ave  no a b s o r p t i o n  ab o v e  3000 c m   ^
w h ile  s t r e t c h in g  v ib r a t i o n  a t  1 5 90 -1640  c m   ^ w a s  c o n s i s t e n t  w ith  
0 = 0  g ro u p s  in  th e  i r  s p e c t r u m .
T h e  M e i s e n h e i m e r  c o m p le x  of a c e t o n e - p i c r a t e  (160) I(K abeya  e t  a l  1973) i s  in c lu d e d  f o r  c o m p a r i s o n .  In  t h i s  c a s e ,  
t h e r e  i s  l i t t l e  d e u t e r i u m  e x c h a n g e  w ith  m e th y le n e  p r o to n s  and
140
a l l  p r o to n s  a b s o r b e d  a t  t h e i r  r i g h t  p l a c e s .  T h e  c h e m i c a l  s h i f t s  
and s h ap e  of p e a k s  in  c a r b o n - 13 and  p r o to n  n m r  of (160) w e ll  
r e s e m b l e  th e  M e i s e n h e i m e r  c o m p le x  of c r e a t i n i n e ,  p y r u v a te  
and h y d a n to in  a s  r e p o r t e d  h e r e i n .  S p e c t r a l  d a ta  of (160) a r e  
g iven  in  th e  e x p e r i m e n t a l  s e c t io n .
C o m p o u n d  (155) i s  e x t r e m e l y  h y g r o s c o p ic  and e x h ib i te d  
a  v e r y  b r o a d  b a n d  a t  3 4 0 0 -3 1 0 0  c m   ^ w h ich  w a s  a s s ig n e d  to  
NH /O H  g r o u p s .  I t  d id  not l o s e  w a t e r  ev en  a f t e r  p ro lo n g e d  
d ry in g  in  v a c u u m  a t  1 0 0 ° C . I t  s e e m e d  a s  th e  w a t e r  had  
b e c o m e  an  i n t e g r a l  p a r t  of co m p o u n d  (155).  T h e  r e m a in in g  
p o r t i o n  o f  th e  i r  s p e c t r u m  w a s  c o n s i s t e n t  w ith  C =0 and NO^ g r o u p s .
In  th e  p r o to n  n m r  s p e c t r u m ,  t h e r e  w e r e  two d o u b le t s  and  a 
m u l t i p l e t .  T h e  d o u b le t s  a t 5 4 . 3  ( J^^=4 Hz) and  8 .7 5  p p m  
(J^^=5 Hz) w e r e  a s s ig n e d  to  p r o to n s  H ^ an d  H ^ .  T h e  m u l t i p l e t  
a t  5. 36 p p m  w a s  a t t r i b u t e d  to  p r o to n  H ^ . T h e  r e s o n a n c e  l i n e s  
w e r e  too  c lo s e  to  m e a s u r e  th e  e x a c t  co u p l in g  c o n s t a n t  f o r  H ^
(J b a  ^ ^ -4  to  6 H z) .  H e r e ,  th e  d i s t i n g u is h in g  f e a t u r e s  th a t  we 
o b s e r v e d  in  t h i s  s p e c t r u m  w a s  a l ly l i c  c o u p l in g s ,  bu t t h i s  type  
of a l ly l i c  c o u p l in g  w a s  n o t o b s e r v e d  in  c o m p o u n d s  (154) and  (160). 
P r o b a b ly ,  s t e r i c  r e s t r i c t i o n  of r o ta t io n  of c a r b o n - c a r b o n  bond 
( ie .  Cj^-C^) due to  s iz e  of h y d a n to in  h ad  f ix e d .  . th e  p r o to n  H.^  ^
a t  s u c h  an  a n g le  w h e r e  i t  c o u ld  e a s i l y  be  c o u p le d  w ith  p r o to n  H ^ ,  
w h ile  f r e e  r o ta t io n  in  (154) and  (160) did  n o t  p e r m i t  a l ly l i c  
c o u p l in g s .  T h i s  o b s e r v a t i o n  s u g g e s t s  th a t  s t r u c t u r e  (138) 
s e e m s  to  be r ig h t .  If  s t r u c t u r e  (139) i s  a s s u m e d  to  b e  c o r r e c t  
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n o th in g  l ik e  t h i s  w a s  o b s e r v e d .  H e n c e ,  w e p r o p o s e  s t r u c t u r e  
(138).
In  th e  c a r b o n - 13 n m r  s p e c t r u m ,  C ^ ,  and  G ^ r e s o n a t e d  
a t 5 4 3 , 3 2 ,  60. 88 and  1 2 8 .0 1  p p m  and e a c h  c a r b o n  w a s  s p l i t  in to  
a  d o u b le t  in  th e  o f f - r e s o n a n c e  s p e c t r u m .  T h e  c a r b o n y l  g ro u p s  
a b s o r b e d  a t  S 1 6 3 ,3 6  and 1 7 0 .2 2  p p m  and  a l s o  r e m a i n e d  u n c h a n g e d  
in  th e  o f f - r e s o n a n c e  s p e c t r u m .
H e n c e ,  th e  s tu d ie s  of s p e c t r a  d a ta ,  p h y s i c a l  a n d  c h e m ic a l  
p r o p e r t i e s  of (154),  (155),  and  (160) gave  s u b s t a n t i a l  s u p p o r t
to  s t r u c t u r e  (138) and  c o n f i r m e d  th a t  c r e a t i n i n e  a c te d  a s  a  m o le c u le
"1
w ith  tw o  n u c le o p h i l i c  c e n t r e s  in  a lk a l in e  m e d i a .  |
N ow we c o m e  to  r e a c t i o n  m e c h a n i s m  of c r e a t i n i n e - p i c r a t e , ( S c h e m e 24) ;|IT h e  r e a c t i v e  p a r t  of th e  c r e a t i n i n e  m o le c u le  i s  th e  m e th y le n e
g ro u p ,  a c t iv a t e d  by  th e  n e ig h b o u r in g  c a r b o n y l  g ro u p ,  and th e  o th e r  |.1fu n c t io n a l  g ro u p  in  th e  m o le c u le  i s  C = N H . In  th e  p r e s e n c e  of
b a s e  b o th  c a r b a n io n  and im in o  a n io n s  a r e  f o r m e d .  A s  th e  |
■‘I
c a r b a n io n  i s  a  b e t t e r  n u c le o p h i le  th a n  n i t r o g e n  a n io n ,  so c a r b a n io n  
f i r s t  a t t a c k s  th e  u n s u b  s t i tu te d  p o s i t i o n s  of p i c r a t e  to  g ive  2:1
'Ic o m p le x  (161). B u t l e r  (1975) a l s b  p r o p o s e d  th e  s a m e  c o m p le x  
on the  b a s i s  of k in e t i c  e v id e n c e .  G re e n w a ld  and G r o s s  (1924)
B u t l e r  (1975) and  V a s i l i a d s  (1976) r e p o r t e d  th a t  th e  fu l l  i
c h r o m o g e n ic  v a lu e  of th e  c r e a t i n i n e  d e v e lo p s  in  the  p r e s e n c e  of 
e x c e s s  p i c r i c  a c i d .  H o w e v e r ,  w e s u g g e s t  t h a t  c o m p le x  (161) 
f u r t h e r  u n d e r g o e s  r e a c t i o n  w ith  p i c r i c  a c id ,  and h e r e  th e  
n i t r o g e n  of im in o  g ro u p  a t t a c k s  the  m e ta  p o s i t i o n  of p i c r a t e  ion  
to  a f fo rd  (162) w h ich  r e a r r a n g e s  to  (13 8) w ith  r e m o v a l  of h y d r id e
-n
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io n .  A lth o u g h  im in o  an io n  i s  a  p o o r e r  n u c le o p h i le  th a n  c a r b o n ,  
y e t  t h e r e  a r e  p r e c e d e n t s  w h e r e  a l ip h a t ic  a s  w e l l  a s  a r o m a t i c  
a m in e s  and  o th e r  r e l a t e d  a m in o  c o m p o u n d s  f o r m  M e i s e n h e i m e r  
c o m p le x e s  w ith  p o ly n i t r o  a r o m a t i c  c o m p o u n d s  (B u n c e l  e t  al, 1968; 
B u n c e l  and  W ebb  1974; G r u d ts y n  and G i t i s ,  1974; B u n c e l  e t  a l ,  
1974). T h e  m o s t  p u z z l in g  th in g  in  c o m p le x  (162) i s  th e  r e m o v a l  
of h y d r id e  io n  w h ic h  i s  d i f f i c u l t  to  e x p la in .  H o w e v e r ,  t h e r e  i s  
e v id e n c e  of r e m o v a l  of h y d r id e  io n  f r o m  th e  r e a c t i o n  of 
n i t r o b e n z e n e  and K O H . In  t h i s  c a s e ,  the  p r e s e n c e  of a i r  o r  o th e r  
o x id is in g  a g e n t s  e n c o u r a g e  the  e l im in a t io n  of h y d r id e  io n .  S o m e  
c o n v e r s io n  d o e s  o c c u r  in  th e  a b s e n c e  of an y  added  o x id is in g  a g e n t  
b e c a u s e  n i t r o b e n z e n e  c a n  a c t  a s  i t s  own o x id i s in g  a g e n t  (S y k e s ,  
1977). So, t h e r e  i s  no r e a s o n  w hy p i c r i c  acid, w h ich  b e lo n g s  to  th e  
s a m e  c l a s s  of c o m p o u n d s  a s  n i t r o b e n z e n e ,  shou ld  no t f a c i l i t a t e  
the  e l im in a t io n  of h y d r id e  a n io n  an d ,  to d e s t r o y  i t  a s  f o r m e d .  
M o r e o v e r ,  th e  p r e s e n c e  of m e th a n o l  a s  a s o lv e n t  in  th i s  r e a c t io n  
f u r t h e r  h e lp s  in  th i s  c o n n e c t io n .  R e c e n t ly ,  M a k o s z a  and W i n ia r s k i  
(1980) r e p o r t e d  th e  m i g r a t i o n  of h y d r id e  a n io n  f r o m  th e  a r o m a t i c  
c a r b o n  to  th e  e l e c t r o n  d e f ic ie n t  c a r b o n  of the  n u c le o p h i le  in  the  
r e a c t i o n  of n i t r o  c o m p o u n d s  w ith  h a lo s u lp h o n e s ,  N, N - d i a l k y l - 1-
h a lo a lk a n e s u lp h o n a m id e s  and  a c e t o n i t r i l e  d e r i v a t i v e s .  In  c o m p le x
(138) w e cou ld  n o t  lo c a te  th e  h y d ro g e n  r e s u l t i n g  f r o m  the  h y d r id e  
m i g r a t i o n ,  bu t s u g g e s t s  p robab ly .,  t h i s  h y d r id e  a n io n  h a s  m i g r a t e d  
to  u n r e a c t e d  p i c r i c  a c id  w hich  h a s  b e e n  d e s t r o y e d  o r  w a s h e d  aw ay  
d u r in g  w a s h in g  of M e i s e n h e i m e r  c o m p le x  (138) w ith  m e th a n o l .
B u t l e r  ( 1975) r e p o r t e d  th a t  in  th e  c l in ic a l  d e t e r m in a t io n  of 
























low c o n c e n t r a t i o n  and the  r e d  s p e c i e s  f o r m e d  u n d e r  t h e s e  
c o n d i t io n s  m a y  no t  be  th e  s a m e  a s  th a t  p r e c i p i t a t e d  f r o m  s o lu t io n .
We do n o t  a g r e e  w i th  t h i s  v i e w  b e c a u s e  u v / v i s i b l e  s p e c t r a  of 
co m p o u n d  (138) a r e  e x a c t l y  i d e n t i c a l  to t h a t  g iv e n  by  B u t l e r  
(197 5) and V a s i l i o d e s  (1976) in  t h e i r  p u b l i c a t i o n s .  A g a in ,  B u t l e r  
( 1975) p o in t e d  out  t h a t  a  s tudy  of th e  s p e c t r a l  c h a n g e s  o c c u r r i n g  
d u r in g  J a f f e  r e a c t i o n  show s  t h a t  a d d i t io n  of c r e a t i n i n e  to a l k a l in e  
p i c r a t e  d o e s  not  r e s u l t  in  t h e  f o r m a t i o n  of a new  p e a k  but  
b r o a d e n i n g  of  th a t  a l r e a d y  p r e s e n t  ( 4 7 0 -5 5 0  n m ) . If  the  h y d r o x i d e  
ion  p r e s e n t  a t  h ig h  c o n c e n t r a t i o n  the  ad d i t io n  c o m p l e x  (163) i s
f o r m e d  and  i t  i s  t h i s  s p e c i e s  w h ic h  h a s  such  an  i n t e n s e  a b s o r p t i o n .  I
’IH o w e v e r ,  th e  f o r m a t i o n  of (163) i s  l i k e ly ,  but  w e  cou ld  not  f ind  any  |
.1e v id e n c e  of c o m p l e x  (164) w h ich  i s  a n a l o g o u s  to (163).  On the  l;|
.]o t h e r  h and ,  we h a v e  found th a t  the  a b s o r p t i o n  a t  4 7 0 - 5 5 0  n m  g o e s  |I
on i n c r e a s i n g  by i n c r e a s i n g  t h e  a m o u n t  of (138) in s o lu t io n  and  the
1r e s u l t i n g  s p e c t r a  ( F i g s .  8-10)  e x a c t l y  c o i n c id e  w i th  th a t  t a k e n  by I
IB u t l e r  ( 1975) a t  v a r i o u s  c o n c e n t r a t i o n s .  I t  m a y  be  p o s s i b l e  I
t h a t  c o m p l e x  (164) a c t s  a s  an  i n t e r m e d i a t e  and c o n s u m e s  d u r i n g
th e  f o r m a t i o n  of (138) .  H o w e v e r ,  we do not  a s s o c i a t e  the
b r o a d e n i n g  of p e a k  ( 4 7 0 -5 5 0  nm)  w i th  f o r m a t i o n  of c o m p l e x e s  jI(164) o r  (163).  i
A f t e r  a  d e t a i l e d  k i n e t i c  s tudy ,  B u t l e r  (1975) o b s e r v e d  a |
r a t e  e q u a t io n  f o r  th e  c o m p l e x  f o r m a t i o n  of th e  f o r m :  |
Ir a t e  = k  {[creat inine ] [ p i c r a t e  ] [OH ] |
2 -  2 - 1  ÎT h e  v a l u e s  of  " k "  o b ta in e d  a r e  2 . 4 ,  2 . 3  and 2 . 3  1 m o l  s and  4
Ii n  a l l  t h e s e  c a s e s  p i c r a t e  i s  in e x c e s s .  W h e n  c r e a t i n i n e  i s  in


















c o n d i t i o n s  t h e r e  m u s t  be  s o m e  s l igh t  c h a n g e  of m e c h a n i s m .
He e s t i m a t e d  t h a t  one m o l e  of e a c h  p i c r i c  ac id  and  c r e a t i n i n e  
a re  invo lved  in  th e  f o r m a t i o n  of c o m p l e x  in  J a f f e ' s  r e a c t i o n .
T h e  r e d  c o l o u r  so lu t io n  f a d e s  on s tan d in g  w h ic h  l e a d s  to the  
f o r m a t i o n  of 2:1 a d d u c t .  B u t  w e  h a v e  found  t h i s  i s  no t  the  c a s e .  
T h e  u v / v i s i b l e  s p e c t r u m  of (138) i s  r e c o r d e d  i m m e d i a t e l y  on 
m a k i n g  s o lu t io n  and  t h e n  a f t e r  t h r e e  d a y s  a g e d  so lu t io n .
T h e  c o l o u r  d o e s  f a d e  bu t  no s p e c t r a l  c h a n g e  i s  s e e n  and  found to 
be i d e n t i c a l  in  e v e r y  r e s p e c t  ( F i g .  11). If t h e r e  i s  a  c h a n g e  f r o m  
1:1 to  2:1 in  th e  f o r m a t i o n  of a d d u c t  a s  d e s c r i b e d  a b o v e ,  th e n  one 
should  h a v e  s p e c t r a l  c h a n g e s  b e c a u s e  a n a l o g o u s  M e i s e n h e i m e r  
c o m p l e x e s  r e s u l t i n g  f r o m  s o d iu m  su lph i t e  and p i c r a t e  in r a t i o  of 
1:1 (165) and  2:1 (166) ( C r a m p t o n  and  G h a r i a n i ,  1969) hav e  
d i f f e r e n t  a b s o r p t i o n  s p e c t r a l  b e h a v i o u r .  S i m i l a r  k ind  of  s p e c t r a l  
d i f f e r e n c e  in  the  c a s e  of  a c e t o n e - p i c r i c  ac id  c o m p l e x e s ,  w a s  a l s o  
r e p o r t e d  by K a b e y a  (1973) .  T h e r e  i s ,  of c o u r s e ,  a n o t h e r  
p o s s i b i l i t y  t h a t  s t r i k e s  o n e ' s  m i n d .  D o e s  c o m p l e x  (138) b r e a k  
up  i m m e d i a t e l y  in  a q u e o u s  m e d i a  and  th e  fad ing  of c o l o u r  ( r e d  to 
yel low)  i s  t h e  c a u s e  of  i n t e r n a l  r e a r r a n g e m e n t  of  f r a g m e n t e d  
s p e c i e s  o r  th e  w ho le  m o l e c u l e  (138) i t s e l f  r e a r r a n g e s  w i thou t  
d i s i n t e g r a t i o n  and do n o t  a f f e c t  the  i n i t i a l  and  f in a l  u v / v i s i b l e  
s p e c t r a ?  A s  h a s  b e e n  d e s c r i b e d  p r e v i o u s l y ,  r e d  and  ye l low  
c o l o u r e d  p i c r a t e s  of c r e a t i n i n e  (150) w e r e  o b ta in e d  by a c id  
h y d r o l y s i s  of c o m p l e x  (138) .  B o th  d i s p l a y  a b s o l u t e l y  i d e n t i c a l  
u v / v i s i b l e  s p e c t r a  ( F i g .  12) and  t h e s e  s p e c t r a  do  n o t  c o i n c id e  
wi th  the  s p e c t r a  of (138) ( F i g .  8) in  e v e r y  r e s p e c t  w h a t e v e r  the  









r e s e m b l e s  th e  s p e c t r u m  of p i c r a t e  of c r e a t i n i n e .  H o w e v e r ,  
we s u g g e s t  t h a t  f a d in g  of  c o l o u r  d o e s  no t  a c c o m p a n y  any  
c h e m i c a l  t r a n s f o r m a t i o n  in c o m p l e x  (13 8).
We t r i e d  to f ind  such  a  c o m p o u n d  w h ic h  should  c o n t a i n  i m i n o  
(=NH) g ro u p  w i th  s t r u c t u r e  s k e l e t o n  s i m i l a r  to t h a t  of c r e a t i n i n e ,  
bu t  w a s  u n s u c c e s s f u l .  H o w e v e r ,  c om pounds  (76) an d  (149) c o n s i s t  
of i m i n o  g r o u p  and w e  thought t h e y  cou ld  r e a c t  w i th  p i c r i c  a c i d  in  
a s i m i l a r  f a s h i o n  a s  c r e a t i n i n e ,  w hich  in t u r n ,  w ou ld  p r o v i d e  
d i r e c t  p r o o f  f o r  th e  r e a c t i o n  of im i n o  g r o u p .  W e d id  not  f ind 
an y th in g  l ike  t h a t  e x c e p t  p i c r a t e s  of t h e s e  c o m p o u n d s .  H e n c e ,  
a f t e r  w o r k i n g  on  t h i s  t e d i o u s  p r o b l e m  in e v e r y  r e s p e c t ,  we a r e  
c e r t a i n  th a t  c o m p o u n d  (138) i s  r e s p o n s i b l e  f o r  r e d  c o l o u r a t i o n  in 
J a f f e  r e a c t i o n ,  b u t  not  c o m p o u n d s  (134) ,  (135),  (136) ,  (137) and  
(150) a s  d e s c r i b e d  p r e v i o u s l y  by  v a r i o u s  w o r k e r s .
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E X P E R I M E N T A L
i) F r e s h l y  c u t  s o d iu m  m e t a l  ( 0 . 6  g) w a s  d i s s o l v e d  in
a n h y d r o u s  m e t h a n o l  (50 m l )  and  c r e a t i n i n e  ( 1 . 1 3  g) a d d e d .
On s l i g h t ly  w a r m i n g  and s h a k in g  the  s o lu t io n  b e c a m e  c l e a r .
A so lu t io n  of p i c r i c  a c id  ( 2 .2 9  g) in  a n h y d r o u s  m e t h a n o l  w a s
added  d r o p w i s e  w i th  c o n s t a n t  s t i r r i n g ,  at  r o o m  t e m p e r a t u r e ,
d u r i n g  3 h.  A b r i g h t  r e d  so l id  s e t t l e d  ou t .  I t  w a s  w a s h e d
w i th  a n h y d r o u s  m e t h a n o l  and  d r i e d  w h ic h  gave  M e i s e n h e i m e r
c o m p l e x  of c r e a t i n i n e - p i c r i c  a c id  (138) .
I t  d o e s  not  m e l t  and  g iv e s  no m o l e c u l a r  ion  p e a k  a s  i t  i s
an  i n v o la t i l e  s a l t .  V 1640-1610  (C =0) and  1580-1560  c m  ^m a x
(C=N) 5 H [ D ^ O  j 3 . 6 1  (3H,  s),  3. 89 (2H , d ) ,  3 . 9 6  ( 3 H , s ) ,
6 . 1 5  (2H ^ ,2d )  and 9 . 6 0  p p m  (2H, s),  5 c  j 30. 87 and  3 1 .9 5  
(2q o v e r l a p ) ,  4 1 . 5 9  (d ) , 4 3 . 1 3  and  4 3. 35 (2d o v e r l a p ) ,  1 1 9 .3 8  ( s ) ,
1 2 7 .8 9  (d), 1 4 1 .8 8  ( s ) ,  1 7 0 .0 0  (s ) ,  1 7 1 .9 3  (s ) ,  1 8 8 .9 6  (s) ,  1 8 9 .3 5  
(s) and  1 8 9 . 6 8  (s) p p m  (F ound :  C ,  2 9 . 2 5 ;  H,  2 . 4 6 ;  N,  2 0 . 3 8 ;
Na,  1 4 . 1 5 .  C H ^^N ^  O 7N a  r e q u i r e s  C,  29.  36; H ,  1. '13;
:
N, 1 9 .7 6 ;  N a ,  15. 13%) I t  i s  h y g r o s c o p i c  and g a i n s  w e ig h t  d u r i n g j
w e ig h in g .  •
j
.(i) C o m p l e x  (138) (2.  0 g) w a s  d i s s o l v e d  in  w a t e r  (20 m l)  and
s l ig h t ly  a c i d i f i e d  w i th  h y d r o c h l o r i c  a c i d .  O n  s t a n d in g  a r e d
so l id  s e t t l e d  ou t .  I t  w a s  w a s h e d  w i th  w a t e r ,  e t h e r  and  th e n
drieçl ,  m . p .  213°  (150). T h e  f i l t r a t e  w a s  y e l lo w  in c o l o u r ,  and  ;
e x t r a c t e d  w i th  e t h e r  w h ich  gave  p u r e  p i c r i c  a c i d .
P i c r a t e  of c r e a t i n i n e  (150) (2 g) in  a d i s h  w a s  k e p t  in  a n  -
?
oven  a t  130-140  . T h e  r e d  c o l o u r  c h a n g e d  in to  a ye l low  one ,  $
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m . p .  213° ,  and t h e r e  w a s  no d e p r e s s i o n  in  m i x e d  m . p .
M . p .  2 1 3 ° ,  m / e  229 and 113 (M***), IJ 3 3 20 -3300  (NH)m a x
1795 (C=0),  1700-1696  (C=N),  1635 and 1600 (C=C),  1560 and  
154 0 c m ”  ^ (NO^),  S  H( [^H^ ]D M S0)  3 .21  (3H, s),  4 . 3 4  (2H, s) 
and 8 . 7 2  p p m  (2H, s).  P r o t o n s  NH h a v e  e x c h a n g e d  with,  so lven t ,  
5 c ( i ^ H ^ ] D M S O )  3 1 .1 7  (q) ,  5 4 . 0 2  ( t) , 1 2 5 . 2 1 ( d ) ,  1 4 1 . 7 8  (s ) ,  
1 5 7 .4 6  (s) ,  1 6 0 .8 5  (s) and  1 7 1 .1 8  (s) p p m .  (Found :  C ,  35.  05; 
H,  2 . 7 4 ;  N, 2 4 . 7 2  C ^ ^ H  N Og r e q u i r e s  C ,  3 5 . 0 9 ,  H,  2 . 9 4 ;  
N,  24.  55%)
iii) X e t r a b u t y l a m m o n i u m  b r o m i d e  w a s  ad d ed  in to  a n
a q u e o u s  s o lu t i o n  of  C o m p l e x  (l38) w i th  v i g o r o u s  s h a k in g .  A 
r e d  s u b s t a n c e  w a s  e x t r a c t e d  w i th  c h l o r o f o r m .  On so lv en t  
r e m o v a l ,  r e d  c r y s t a l s  w e r e  o b ta in e d ;  th e y  w e r e  r e c r y s t a l l i s e d  
s e v e r a l  t i m e s  f r o m  e thy l  a c e t a t e  and  t h e n  w i th  c h l o r o f o r m  w h ic h  
gave  p i c r a t e  of t e t r a b u t y l a m m o n i u m  ( l5 l ) .
M . p .  7 4 °  (no t  s h a r p ) ,  m / e  242 and  229 ( M ^ ) , 1610
and 1630 c m " ^  (C=C),  1550,  1515,  1360 and  1300 c m "   ^ (NO ), 
^ H ( C D C l g )  0 . 9 8  (12H, t),  1 . 2 6 - 1 . 8 0  ( 1 6 H , m ) ,  3 . 3 2  (8 H , t )  and
8 .74  (2H, s) p p m .  S C (C D C lg )  13. 58 (q),  1 9 .7 3  (t),  2 4 . 0 0  (t),
5 8 . 9 6  (t), 125.  19 (s) ,  126.  20 (d) , 142.  23 (s) and  162 .11  (s)
p p m  (Found: C 5 6 . 3 0 ;  h ,  8 . 2 3 ;  N, 1 1 .4 9  ^ 2 2 ^ 3  8 ^ 4 ^ 7
C,  5 6 . 1 5 ;  H,  8. 13; N,  11.90%)
iv) An  a n h y d r o u s  m e t h a n o l i c  s o lu t io n  of p i c r i c  ac id  ( 2 , 2 9  g)
w a s  a d d e d  d r o p w i s e  to a b a s i c  s o lu t i o n  of p y r u v i c  a c i d  (0 .  88 g) 
( d i s s o l v e d  in  a m i x t u r e  of C H ^ O N a  + CH^OH) w i th  c o n s t a n t  
s t i r r i n g  a t  r o o m  t e m p e r a t u r e  f o r  24 h.  A r e d  p r o d u c t  w a s
14 8 ;1
f i l t e r e d  off and  w a s h e d  t h o r o u g h l y  w i th  a n h y d r o u s  m e th a n o l ,  4
w h ich  gave  the M e i s e n h e i m e r  c o m p l e x  of p y r u v i c  a c i d  (154).
I t  d o e s  not  m e l t ,  V 1640-1590  c m   ^ (C=0)  S h (D„0 )  gm a x   ^ Z * i
4 . 9 3  ( IH , , s) and  9. 14 ( IH ,  s) p p m ,  a t  60 M H z  o n c e  a d o u b le t  |
a t  2 . 5  (due  to  - C H ^ - )  and a t r i p l e t  a t  4.  93 p p m  (due to H^) j
w e r e  o b s e r v e d  w h e n  the  s p e c t r u m  w a s  t a k e n  i m m e d i a t e l y  u s i n g  aIt r i m e t h y l s i l a n e  a s  an  e x t e r n a l  r e f e r e n c e .  S o m e t i m e s  a  w e a k  S|
d o ub le t  a t  5 .9 7  p p m  by v i r t u e  of s t r u c t u r e  (1 56) w a s  s e e n ,  but  |
d i s a p p e a r e d  w i th  t h e  p a s s a g e  of t i m e ,  8 C ( H „ 0 )  2 7 .3 4  ( t ) , 4 9 , 5 5 1
(d) , 1 2 7 .9 7  (d), 141 .94  (s) and  1 6 3 .3 5  (s) p p m  (Found:  C ,  2 6 . 4 7 ;  1
H, 1 .5 2 ;  N, 8 .8 1 ;  N a ,  1 8 .0  C ^ H ^ N ^ O ^ g 3 N a  r e q u i r e s  G ; 2 8 . 2 1 ;
H, 1 .0 5 ;  N,  1 0 . 9 6 ;  N a ,  18.0%) I t  i s  h y g r o s c o p i c  and g a in s  
w e ig h t  d u r i n g  w e ig h i n g .
v) R e a c t i o n  of h y d a n to in  (1 g) w i th  p i c r i c  a c i d  (2 .2 9  g)
u s i n g  s i m i l a r  c o n d i t i o n s  a s  d e s c r i b e d  above  gave  th e  M e i s e n h e i m e r
c o m p l e x  of h y d a n t o i n - p i c r i c  a c i d  ( l 55).
I t  d o e s  not  m e l t ,  )J 3 1 00 -3400  (NH/OH) and  1715 c m "  ^m a x  '
(G=0) ,  S h ( D 2 0 )  4 . 3  ( IH , d , J  4 H z ) ,  5 . 3 6  ( IH  , m ,  j  4 to3, 3>0 O Q3.| OC
6 H z) ,  8 .7 5  ( l H ^ , d ,  5 H z) ,  NH e x c h a n g e d  w i th  so lv e n t ,  ^ ^ ( H ^ O )
43 .  32 (d), 6 0 . 8 8  (d) , 128 .0 1  (d), 1 6 3 .3 6  (s) and  1 7 0 .2 2  (s) p p m  
(Found:  G , 2 4 . 5 4 ;  H,  2 . 4 3 ;  N, 1 5 .8 6 ;  N a ,  1 5 . 6 6 .
G H ^N gO  3Na.  3H^O r e q u i r e s  G, 2 4 . 0 6 ;  H,  2 . 2 4 ;  N,  1 5 ,5 9 ;  N a ,  
15 .36%).  I t  i s  h y g r o s c o p i c  and  g a in s  w e ig h t  d u r i n g  w e ig h in g .
vi) M e i s e n h e i m e r  c o m p l e x  of a c e t o n e - p i c r i c  a c id  (l60) w a s  
p r e p a r e d  by know n  m e t h o d  ( K a b e y a  et  a l  1973).
I t  d o e s  not  m e l t ,  V ^  1670-90  c m ”  ^ (G = 0 ) ,  H ( l % , ] D M S O )
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2 . 1 0 ( 3 H ,  s),  2 . 5 0  (2 H ,d ) ,  4 . 8 2  ( l H , t )  and 8. 56 ( IH ,  s) p p m ,  
S C (H ^ O )  3 0 . 3 6  (q), 3 7 .7 7  (d),  4 5 . 8 0  (t),  1 2 7 . 9 6  (d),  1 4 1 .97  (s) 
and  1 5 4 .5 0  (s)  p p m ,  5 C  ( L^H^ ]DMS0)  2 9 .3 7  (q), 4 7 . 1 8  (t),
118 .74  ( s ) ,  1 2 2 .7 9  ( s ) ,  129 .0  (s) ,  1 3 2 .0 2  (d) , 1 5 9 .9 9  (s) and
3170 .64  (s) p p m .  T h e  r e s o n a n c e  of sp c a r b o n  of th e  r i n g  h a s  
m i x e d  w i th  r e s o n a n c e s  of DMSO.
vii) NMR of p i c r i c  a c i d  in v a r i o u s  s o lv e n t s
7 2&H( [ H g j a c e t o n e )  9 . 0 6  (s) p p m ,  & H ( i  H g j b e n z e n e )  8 .1 2
(2H, s) and  10 .4  ( I H ,  s) p p m .  T h e  p e a k  a t  10 j4 p p m  d i s a p p e a r e d
w i th  a d d i t i o n  of D ^O ,  S h ( |[^Hg ]DMSO) 8 . 6 2  (s) p p m ,  th e  p e a k
h e i g h t  d e c r e a s e d  w i th  a d d i t i o n  of D^O,  S H (D ^ O )  8. 9 p p m ,  very-
s m a l l  p e a k ,  5 n ( D  O + NaHCO^)  8 . 9  p p m ,  &H(D^O + NaOD) 8 . 9
p p m ,  the  p e a k  i n t e n s i t y  in  a l k a l i n e  m e d i a  i s  s m a l l e r  t h a n  n e u t r a l
one ,  § H ( H ^ 0 )  8 . 9  pppi» v e r y  s m a l l  p e a k ,  %H(H^O + NaOH) 8 . 9
p p m ,  p e a k  i s  s m a l l e r  t h a n  p r e v i o u s  one .
& C ( i ^ H  Jace tone )  1 2 6 . 5 6  (d), 138 .71  ( s ) ,  153 .21  (s) and
182 .71  (s ) ,  S c ( L ^ H g ] D M S O )  1 2 5 . 9 8  (d), 1 2 9 .8 3  ( s ) ,  1 4 1 .7 7  (s)
and  1 5 8 . 3 8  (s) p p m ,  &C ( [^H^ ]DMSO + NaOD) 126.  48  (d),  1 2 8 .1 5
(s ) ,  142 .14  (s) and  162.  52 (s) p p m ,  5 c (  L^HgDMSO + H ^O ,  1:1)
1 2 7 .0 2  (d), 1 3 0 .7 9  (s ) ,  141 .61  (s)  and  1 6 0 .0 8  (s)  p p m ,  5 c (H2,0)
1 2 9 .9 3  (d) p p m ,  C(D^O) 1 2 9 . 8 8  (d) p p m ,  S c ( D ^ O  + NaOD o r  NaHCO_)
130 .01  (d) p p m .  O t h e r  c a r b o n s  did no t  a p p e a r  w h en  n e u t r a l  o r
a l k a l in e  w a t e r  w a s  u s e d  . V 3100 (OH),  1630 and  1610 c m  ^m a x  ' '
(C=C).
vi i i)  C a r b o n - 13 n m r  s h i f t s  of 2, 4 - d i n i t r o p h e n o l
5 c ( C H C l g )  1 2 1 .3 3  (d) ,  1 2 1 .91  (d), 131 .67  (d) a n d  159 .11  (s)
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p p m ,  c a r b o n s  c o n t a in in g  n i t r o  g r o u p s  did not  a p p e a r .  Due to - |
low  s o lu b i l i t y  i n H ^ O ,  a lo t  of n o i s e  a p p e a r e d ;  so i t  i s  no t  
w o r th w h i l e  to p r o d u c e  d a t a ,  bu t  c a r b o n  h av in g  n i t r o  g r o u p  did  M
not  e m e r g e ,  s a m e  a s  i s  the  c a s e  w i th  2, 6 - d i n i t r o p h e n o l ,
ix) NMR of c r e a t i n i n e
8 H ^ ^ O )  3 ,0 4  (3H, s),  an d  4 . 0 3  (2H, s) p p m ,  th e  p e a k  at  
4 . 0 3  p p m  d i s a p p e a r e d  w i th  a d d i t io n  of N a O D , 5 C (H^O) 32 ,91  (q ) ,
5 9 . 0 9  (t), 1 7 2 .11  (s) and 1 9 1 . 2 6  (s) p p m ,  5 C ( D  O) 3 2 . 9 3  (q),
59.  13 (t),  172.  17 (s) and  1 9 1 .4 2  (s) p p m ,  &G(H _0 + NaOH),
3 1 .1 2  (q), 3 7 . 4 6  (q) , 5 4 .8 1  (d), 57 .  19 ( t) , 1 6 2 .2 5  ( s ) ,  1 7 3 .6 8  (s) .
177 .81  ( s ) ,  and 1 8 7 .9 2  (s)  p p m ,  &C(D O + NaOD),  3 1 . 0  (q),
1 6 1 .4 9  (s ) ,  172. 95 ( s ) ,  177 .40  (s)  and  188.  59 (s)  p p m
x) C r e a t i n i n e  (2 g) in  5% s o d iu m  h y d r o x i d e  w a s  s t i r r e d  a t
r o o m  t e m p e r a t u r e  f o r  1 h .  T h e  r e s u l t i n g  s o lu t io n  w a s  n e u t r a l i s e d  
w i th  h y d r o c h l o r i c  a c i d  and  t h e n  p o u r e d  in to  e x c e s s  a c e t o n e .  A 
w h i te  so l id  s e t t l e d  out ,  w a s h e d  w i th  co ld  w a t e r ,  a c e t o n e  and 
f in a l ly  w i th  e t h e r .  W h e n  d r ied ,  i t  h ad  m . p .  2 60° ,  m i x e d  m . p .  2 6 0 ° .  
T h e  f i l t r a t e  w a s  r e d u c e d  to d r y n e s s ,  no th in g  w a s  o b t a in e d  e x c e p t
a  few  c r y s t a l s  of s o d i u m  c h l o r i d e .
xi) W h e n  a b o v e  e x p e r i m e n t  w a s  r e p e a t e d  w i th  c o m p o u n d  (148),
a n o t h e r  c o m p o u n d  (149) w a s  o b ta in e d  b u t  c r e a t i n i n e  r i n g  r e m a i n e d  in t a c t ,
M . p .  338°  ( d e c . ) ,  m / e  201 (m " )^, V 3 2 9 0 -3 1 2 0  (NH),  1710 
(C =0) ,  1665 (C=N),  and  1630 c m "   ^ (C=C),  6 C ( l ^ H  ]DMSO) 2 7 .7 7  
(q), 113 .24  (d), 1 2 7 .6 3  (d),  1 3 0 .0 4  (d), 133 .81  (s ) ,  1 3 5 .0 4  (s) ,
166 .31  (s)  and  1 7 4 .4 6  (s) p p m  (Found :  C ,  6 5 . 4 0 ;  H,  5 . 4 5 ;  N,  2 0 . 9 2
3 7 . 2 8  (q) , a  b r o a d  h u m p  a p p e a r e d  in  p l a c e  of m e t h y l e n e  g r o u p ,  g
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A P P E N D I X
A f t e r  t h i s  t h e s i s  h a d  b e e n  ty p e d  we r e c e i v e d  i n f o r m a t i o n  
f r o m  D r .  M .  K a f t o r y ,  I s r a e l  I n s t i t u t e  of T e c h n o l o g y ,  th a t ,  
f r o m  a n  X - r a y  c r y s t a l l o g r a p h i c  s tudy ,  th e  s t r u c t u r e  of 
p r o d u c t  r e s u l t i n g  f r o m  th e  r e a c t i o n  of 1 - m e t h y l u r e a  and  
m e s i t y l  o x id e  i s  (1 6 a ) , w h ic h  i s  d i f f e r e n t  f r o m  th a t  p r o p o s e d  








H N ^ ^ N M e  MeNv. .NH8 T
(16a)
In  l i g h t  of  t h e  s t r u c t u r e  (16a) ,  we p r o p o s e  a r e a c t i o n  m e c h a n i s m  
in  S c h e m e  (2a) w h e r e  -N H ^  p a r t  of 1 - m e t h y l u r e a  i s  in v o lv ed  in  
M i c h a e l  c o n d e n s a t i o n .  No doubt ,  n i t r o g e n  of N M e  g r o u p  of 
the  m o l e c u l e  s e e m s  to  b e  m o r e  b a s i c  t h a n  NH^,  bu t  i t  a p p e a r s  
a s  the  h e a v y  p r o t o n a t i o n  on  N M e  p e r m i t s  c o n c l u s i v e l y  -N H ^  
g ro u p  to a t t a c k  un  s a t u r a t e d  c a r b o n  a t o m  f i r s t  f o l lo w ed  by 
c y c l i s a t i o n  l e a d i n g  to (16b) ,  A f t e r  th a t ,  p r o t o n a t i o n  of s p e c i e s  
(16b) and  an  a t t a c k  of N M e g r o u p ,  w h ic h  i s  d i f f i c u l t  to e x p l a in ,  
g iv e s  the  f in a l  p r o d u c t  (16a) .
R E F E R E N C E S
153
1) A b r a h a m ,  R . J .  and  L o f t u s ,  P .  (1979) " P r o t o n  and 
c a r b o n - 13 n m r  s p e c t r o s c o p y " .  C h .  6, p .  1 1 5 -1 2 0 ,  H e y d e n  
and  Son  L t d
2) A k ib a ,  E . G . T . ,  T s u c h i y a ,  T . ,  I n a m o t o ,  N; O n u m a ,  K*, 
N a g a s h i m a ,  N. and  N a k a m u r a ,  A - (1976) C h e m i s t r y  L e t t e r s  
(Tokyo) ,  7 23
3) A k ib a ;  A', T s u c h i y a ,  T . and  I n a m o t o ,  N.  (1976) 
T e t r a h e d r o n  L e t t e r s ,  3819
4) A r n e t t ,  E . M .  and  M a c h ,  G . W .  (1966) J .  A m e r ,  C h e m .  
S o c , ,  88, 1177
5) B a r n e t t ,  J ,  (1910) 97,  63
6) B e r n a s c o n i ,  C . F .  (1970) J ,  A m e r ,  C h e m .  S o c , ,  9Z, 129
7) B e h r - B r e g o w s k i ,  L .  (1897) ^ 0 ,  1519
8) B l i t z ,  H .  B e r . ,  (1907) 40 ,  4799
9) B l i t z ,  H ,  and  J e l t s c h ,  A ,  (1923), C h e m ,  B e r , , 1914
10) B o e s e k e n ,  P r o c .  A k a d ,  S c i ,  A m s t e r d a m  (1936) 39,  717; 
R e c ,  T r a v .  C h i m . , (1936) 55, 1044; (1948),  67, 603
11) B o l l i n g e r ,  A ,  (1936) J .  P r o c ,  R o y .  S oc .  N.  S.  W a l e s ,
%q, 353
12) Boon ,  W . R .  (1947) J ,  C h e m ,  S o c . ,  307
13) B r o w n ,  D . J ,  (1962) " T h e  p r i m i d i n e s " .  I n t e r  s c i e n c e ,
N ew  Y o rk ,  C h .
14) B u n c e l ,  E .  , N o r r i s ,  A . R .  and  R u s s e l ,  K - E . ( 1 9 6 8 )
Q u a r t  R e v ,  , V o l .  XXII ,  123
15) B u n c e l ,  E .  a n d W e b b ,  J . G . K .  (1974) C a n a d ,  J .  C h e m ,
52, 630
154
16) B u n c e l ,  E . ,  J a r r e l ,  H . ,  L e u n g ,  H . W .  a n d W e b b ,  J . G . K .
(1974) J .  O r g .  C h e m . ,  1% 272
17) B u t l e r ,  A . R .  and  G l id e w e l l ,  C .  (1978) J .  C h e m .  R e s e a r c h
(S) 23% (M),  3201
18) B u t l e r ,  A . R .  an d  L e i t c h ,  E .  (1980) J .  C h e m .  S oc . ,  P e r k i n  
II ,  103
*
19) B u t l e r ,  A . R .  , G l id e w e l l ,  C .  and E l l e s ,  D . C .  (1978) 
A c t a C r y s t . ,  B 3 4 , 3241,  2570
20) B u t l e r ,  A . R .  (1978) J .  C h e m .  R e s e a r c h  (S) 50; (M),  855
21) B u t l e r ,  A . R .  (a ,  1975) C l i n .  C h i m ,  A c t a  227
22) B u t l e r ,  A . R .  (b, 1975) J .  C h e m .  S o c . ,  P e r k i n  II ,  853
23) C h a n ,  H . W .  S . ,  L e v e t t ,  G.  and M a t t h e w s ,  J .  A.  (1978)
C h e m .  C o m m , ,  756
24) C o t to n ,  F . A .  and  M c C l e v e r t t y  (1967) I n o r g .  C h e m . , _6, 229
25) C o w p e r ,  R . M .  and  D a v id s o n ,  L . H ,  (1939) O r g .  Syn th .  ,
V o l .  XIX, 24
26) C r a m p t o n ,  M . R .  and E l - G h a r i a n i ,  M . E .  (1969) J .  C h e m .  
S o c .y B ,  330
27) C h r i s t o p h e r  s e n ,  C . ,  O t t e r  s en ,  T . ,  Se f t ,  K ,  and
T r e p p e n d a h l ,  S.  (1975) J .  A m e r .  C h e m .  Soc .  , 5237
28) D a u b e n ,  H . J . ,  H o n n en ,  L . R .  and H a r m o n ,  K . M .  ( i960)
J .  O r g .  C h e m . , 25,  1442
29) D avy ,  J .  (1812) P h i l  T r a n s ;  _2J, 144
30) D i c k e n m a n ,  R . C . ,  C r a f t ,  B .  and Z a k ,  B.  (1954) A m e r .  J .  
C l i n .  P a t h o l .  , 24,  981
155
31) D in g w a l l ,  D . G . ,  R e i d ,  D . H .  and S y m o n ,  J . D ,  (1973)
J .  C h e m ,  S o c P e r k i n  X, 2351
32) D o s t ,  K .  (1906) C h e m . , 39,  863
33) D u m a s  (S idgw ick ,  N . V . ,  1966) " T h e  o r g a n i c  c h e m i s t r y  
of n i t r o g e n " ,  p .  4 1 5 - 4 2 5 ,  O x fo rd  U n i v e r s i t y  P r e s s ,  L o ndon
34) E l d e r f i e l d ,  R . C .  (1957) " H e t e r o c y c l i c  C o m p o u n d s " ,  V o l .  
581,  N ew  Y o r k ,  J o h n  W i le y  and Sons
35) F i s c h e r ,  E .  and  K o c h ,  H.  (1885) J u s t u s  L i e b i g  A m .  C h e m .  , 
2 3 2 , 222
36) F o l i n ,  O.  (1904) Z .  P h y s i o l .  C h e m .  , £ 1 ,  223
37) F o l k e r s ,  K.  and  J o h n s o n ,  T . B .  (1933) J .  A m e r .  C h e m ,
S o c . , 55,  3361
38) F r a e n k e l ,  G.  and  F r a n c o n i ,  C .  (I960) J .  A m e r .  C h e m .
Soc .  , 82, 4478
39) F r o m m ,  E ,  and H e y d e r ,  R .  (1909),  B e r .  , 42 ,  3804
40) G i l l e s p i e ,  R . J .  and  B i r c h a l l ,  T .  (1963) C a n a d .  J ,  C h e m .
£ 1 ,  14 8
41) G i l l e s p i e ,  R . J .  an d  W a s i f ,  S.  (1953) ,  J .  C h e m .  S o c . ,  221
42) G l id e w e l l ,  C . ,  C u t h b e r t s o n ,  A . F . ,  H o ld en ,  H . D .  and
L i l e s ,  D . C .  ( in p r e s s ) ,  J .  C h e m .  R e s .
43) G l id e w e l l ,  C„ C u t h b e r t s o n ,  A . F .  and  L i l e s ,  D . C . ,  
u n p u b l i s h e d  r e s u l t s ,  C .  G l id e w e l l  et  a l  (1978) s e e  r e f .  19
44) G r e h n ,  L .  and  L i n d b e r g ,  H .  (1977) C h e m .  S e r .  , _1£, 199
45) G r e h n ,  L .  (1979) C h e m ,  S e r . ,  J.^, 78
46) G r e h n ,  L .  (197 8) J .  H e t e r o c y c l .  C h e m . , 3£, 81
47) G r e e n w a l d ,  I .  and G r o s s ,  J .  (1924) J .  B io l .  C h e m . ,  £ 9  
607
156
48) G r e e n w a l d ,  J .  (1928) J .  B io l .  C h e m .  (a) 77,  539;
( b ) £ 0 ,  10 3
49) G r u n d t s y n ,  Yu.  D .  and  G i t i s ,  S. S. (1974) Z h ,  O r g ,  K h i m . ,
10 (7) , 1462-4 (R u s s ) ;  C h e m .  A b s .  (1974) £ 1 ,  104247
50) H a n s e n ,  R .  (1939) M . S c .  T h e s i s ,  MIT
51) H a r v e y ,  M . T .  (1952) U . S . A .  2592565; C h e m .  A b s .  (1953)
£7, 601a
52) H a t t ,  H . H .  and T r i f f e t t ,  A . C . K .  (1965) C h e m .  C o m m .  , 439
53) H e c t o r ,  D . S .  (1889) C h e m .  B e r . ,  22,  1176
54) H e g a r t y ,  A . F .  and  F r o s t ,  L . N .  (1973) J .  C h e m .  S o c . ,
P e r k i n  II,  1719
55) H e n r y ,  R . J . ,  C a n n o n ,  D . C .  and  W i h k e l m a n ,  J . W .  (1974)
C l i n .  C h e m i s t r y ; ' P r i n c i p l e  s and  T e c h n i c " ,  H a r p e r  and  Row,
N ew  Y o r k ,  2nd e d i t . , p .  511
56) H o fm a n n ,  K .  (1953) " I m i d a z o l e  and  i t s  D e r i v a t i v e s "
I n t e r  s c i e n c e .  N ew  Y o r k ,  p .  66 |
.. ■ i57) H o fm a n n ,  K .  (1953) " T h e  C h e m i s t r y  of H e t e r o c y c l i c  |
C o m p o u n d s " ,  P a r t  1, p .  66, I n t e r  s c i e n c e ,  N ew  Y o r k  |
58) H o r d v ik ,  A.  (1963) A c ta  C h e m .  S c a n d .  , J.£,  2575 |
59) H u g e r s c h o f f , A .  (1903) C h e m ,  B e r .  , 3 ^  3121 iI60) Ino i ,  T . ,  O k a m o t o ,  T .  and  K o i z u m i ,  Y . (1966) J .  A m e r .  J
C h e m .  S o c . ,  ^  2700 |
61) Inoue ,  M . , H e r a d a ,  M .  , U m a k i ,  N.  an d  I c h ik a w a ,  K .
(1979) B u l l .  C h e m .  S o c . ,  52, 1873 |
62) I v e s ,  D . J . G .  and  M o s e l e y ,  P . G . N .  (1966) J .  C h e m .  S o c . ,  -
1
B ,  757
157
63) J a f f é ,  M .  (1886) Z .  P y s i o l ,  C h e m . ,  JjO, 391
64) J a p p ,  F . R . ,  F . R . S .  and  M lc h i e ,  A . C . ,  B . S c .  (1901)
J .  C h e m .  S o c . ,  V o l .  LXXIX 1016
65) J o s h u a ,  C . P . ,  V e r m a ,  V . K .  and  S u r e  sh ,  K .  S,  (1961)
T e t r a h e d r o n  L e t t . , 663
66) J o s h u a ,  C . P .  and  R a j a s e k h a r a m ,  K . N .  (1977) A u s t .  J ,
C h e m . , _30, 1819
67) J o s h u a ,  C . P .  (1962) J .  S c i .  Xnd. R e s .  , S e c t .  B ,  n ,  588
68) J u n g ,  D .  , B i g g s ,  H . ,  E r i k  son ,  J .  and  L e d y a r d ,  P . ü ,
(1975) C l i n .  Chem.,  21,  8
69) J u s  s a in ,  M .  H .  and  L i e n ,  E . J .  (1971) J .  H e t e r o c y c l i c  C h e m .  , 
8, 507
70) K a b e y a ,  T . ,  K o h a s h i ,  K , ,  O h k u r a ,  Y,  and  M o m o s e ,  T .
(1973) C h e m .  P h a r m .  B u l l .  , £3^, 2168
71) K a t r i t z k y ,  A . R .  an d  J o n e s ,  R .  A .  Y.  (1961) C h e m .  and  
I n d . ,  722
72) K i l n e r ,  E .  an d  S a m u e l ,  D . M .  ( I960)  " A p p l i e d  O r g a n i c  
C h e m i s t r y " ,  p .  377,  M a c d o n a l d  and E v a n s  L t d ,  L on d o n
73) K i n o s h i t a ,  T . ,  S a to ,  S.  and  T a m u r a ,  C .  (1976) B u l l .
C h e m .  Soc .  J p n .  , 49» 2236
74) K ouno ,  K . and  U ed a ,  Y.  (1971) C h e m .  a n d  P h a r m .  B u l l .  
( J a p a n ) ,  £ 9 ,  110
75) K u r z e r ,  F . and S a n d e r s o n ,  P . M .  (1962) C h e m .  and  In d .  ,
1681
76) K u r z e r ,  F .  (1965) A d v a n c e s  in  H e t e r o c y c l i c  C h e m i s t r y  
5, 119
77) K u r z e r ,  F .  and  S a n d e r s o n ,  P . M .  (1959) J .  C h e m .  S o c . ,  1058
R
158
78) K u r z e r ,  F .  and S a n d e r s o n ,  P . M .  (1963) J .  C h e m .  S o c , ,  
3336
79) K u r z e r ,  F .  and T a y l o r ,  S . A .  (1962) J ,  C h e m .  S o c . ,  4191
80) L e v y ,  G . C .  and  L i c h t e r ,  R . L .  (1979) " N i t r o g e n - 15 n m r  
s p e c t r o s c o p y " ,  J o h n  W i le y  and  S ons ,  (a) p .  111; (b) , p .  22;
(c) p .  81
81) L e v y ,  G . C .  and  N e l s o n ,  G.  L .  ( 1972) " C a r b o n - 13 n m r  
f o r  o r g a n i c  c h e m i s t s " ,  C h .  Z, p .  31 -33 ;  W i l e y - I n t e r s c i e n c e
82) L i c h t e r ,  R . L .  and R o b e r t s ,  J . D .  (1974) O r g .  M a g .
R e s .  , 6, 636
83) L o z a c ' h ,  N.  (1971) A d v a n c e s  in  H e t e r o c y c l i c  C h e m i s t r y  
£ 3 ,  161
84) L u g o s i ,  R . , T h i b e r t ,  R . J . ,  H o l l a n d ,  W . T .  and L a m ,  L . K . ,
(1972) C l i n .  B i o c h e m .  , 5, 171
85) M a k o s z a ,  M .  and  W i n i a r s k i ,  J .  (1980) J ,  O r g .  C h e m . ,
4 5 .  1534
86) M o r e l l i ,  I . ,  C a t a l a n o ,  S . ,  S c a r t o n i ,  V , ,  F e r r e t t i ,  M .  
and  M a r s i l i ,  A.  (1979) J .  C h e m .  S o c . ,  P e r k i n  I,  1666
87) N e w a l l i s ,  P . E .  and  R u m a n o w s k i ,  E . J .  (1964) J .  O r g .
C h e m . , 29,  3114
88) O g a ta ,  Y . ,  K a w a s a k i ,  A .  and  O k u m u r a ,  N .  (1965)
J .  O r g .  C h e m .  , 30, 1636
89) O g a ta ,  Y . ,  K a w a s a k i ,  A .  and  O k u m u r a ,  N.  (1966),  
T e t r a h e d r o n ,  2£,  1731
90) O lah ,  G . A .  and  W h i t e ,  A . M .  (1970) C h e m . , R e v . ,  7£ , 561
91) O lah ,  G . A .  and  M a y r ,  H .  (1976),  J .  O r g .  C h e m .  , 4£, 3448
92) O r m s b y ,  A .  A .  (1942) J .  B io l .  C h e m .  , 146,  595 IJ
159
93) P a u l ,  M . A .  an d  L o n g ,  F . A .  (1957) C h e m ,  R e v . ,  ^ 7 ,  1
94) P o l l o c k ,  J . R . A ,  and  S t e v e n s ,  R .  (1965) " D i c t i o n a r y  of 
O r g a n i c  C o m p o u n d s " ,  V o l .  J  (a) 1647; (b) 1273,  L ondon ,
E y r e  and  S p o t t i s w o o d e  P u b l i s h e r s  L td .  , E  and F . N .  S p o m  L td
95) P u s c h i n ,  N . A .  and  Mi tic , R . V .  (1937),  A n n .  , 5 3 2 , 300
96) R e d p a t h ,  C . R .  and  S m i t h ,  J . A . S ,  (1962) T r a n s .  F a r a d a y  
S oc .  , ^ 8 ,  462
97) S a h a s r a b u d h e y  and N a m b u r g  ( 1958) P r o c ,  Ind .  S c i .  C o n g . ,  
P a r t  III ,  p .  136
98) S c h o l t z ,  A.  ( 1915) A r c h .  P h a r m . , 253 ,  111
99) S c h w e i t z e r ,  C . E .  (1950) J .  O r g .  C h e m . , 1^,  471
100) Sch if f ,  H .  (1869) A n n a le n ,  151 , 186
101) Schow ,  J .  ( 1929), J .  C h e m .  P h y s . , 72
102) S ee l in g ,  H . P .  (1969) Z .  K l i m .  C h e m .  K l i m .  B i o c h e m . ,  
(1969) 7,  581
103) S e e l in g ,  H . P .  and  W u s t ,  H .  (1969) A r z t l .  L a b . ,  1 5 , 3 4
104) S i e s t ,  G.  (1967) C l i n i c  a  C h i m .  A c t a ,  H ,  155
105) S idgw ick ,  N . V .  (1966) " T h e  o r g a n ic  c h e m i s t r y  of n i t r o g e n " ,
O x fo rd  U n i v e r s i t y  P r e s s ,  L ondon ,  p .  4 1 5 -4 2 5
106) S r i v a s t a v a ,  P . K .  (1963) Ind .  J .  C h e m .  , 1 ,  432
107) S t e w a r t ,  R .  and M u e n s t e r ,  L . J .  (1961) C a n a d .  J .  C h e m . ,  
19,, 401
108) S u r e s h ,  K . S .  a n d  R a o ,  C . N . R .  ( 1960) J ,  Ind .  C h e m .  S o c . ,  
37,  581
109) S y k e s ,  P .  (1977) "A  G u idebook  to M e c h a n i s m  in  O r g a n i c  
C h e m i s t r y "  4 th  e d i t . , p .  165
160 1
110) T a f e l ,  J .  and R e i n d l e ,  L .  ( 1901) C h e m .  B e r . ,  1 4 ,  3286
111) t e r  B o r g ,  A . P . ,  v a n  V e ld e n ,  R .  and  B i c k e l ,  A . F .  (1962) c
R e c .  t r a v .  C h i m . , _81, 164
112) V a s i l i a d e s ,  J ,  (1976) C l i n .  C h e m i s t r y ,  1 2 ,  1664
113) V e r m a ,  V . K .  and  S a r k a r ,  K . M .  (1962) J .  S c i .  In d .  R e s .
S e c t .  B ,  1 1 ,  236
114) V oge l ,  V.  (197 8) " P r a c t i c a l  O r g a n i c  C h e m i s t r y "  4 th  e d i t .
L o n g m a n s ,  p .  705
115) V o l ’p in ,  M . E . ,  A k h r e n ,  I .  S. and  K u r s a n o v ,  D . N .  (1957)
I z v .  A k a d .  N a u k .  SSSR O td e l  O td e l  K h i m .  .N auk ;  760
116) W e i n s c h e n k ,  A .  (1901) ,  B e r .  , _34, 2185
117) W i e d e m a n n ,  C .  (1848) J u s t u s  L e i b i g s  A n n .  C h e m .  , j ^ ,  3243
118) W i s l i c e n u s ,  J .  (1895) A n n a le n ,  302, 236
119) W i ta n o w s k i ,  M .  , S t e f a n i a k ,  L . , S z y m a n s k i ,  S. and
W ebb ,  G . A .  (1976) T e t r a h e d r o n ,  32,  2127
120) W i ta n o w s k i ,  M . , S t e f a n i a k ,  L .  , J a n u s z e w s k i ,  H . ,
G r a b o w s k i ,  Z .  and  W ebb,  G . A .  (1972) T e t r a h e d r o n ,  1 8 ,  637
121) W o h l e r ,  F .  (1828) P o g g .  A n n . ,  12^ , 25.3
122) W oot ton ,  J . D . P .  (1974) " M i c r o a n a l y s i s  in  M e d i c a l  
B i o c h e m i s t r y ,  5th e d i t .  , p .  74,  C h u r c h i l l  L i v i n g s t o n ,  E d i n b u r g h
123) W y b e n g a ,  D . R . ,  Di  G i o r g i o ,  J .  and  P i l e  g gi,  V.  J .  (1971) i
C l i n .  C h e m . ,  j_7, 891
124) Z i g e u n e r ,  G .  , F u c h s ,  E .  , B r u n n e t t i ,  H ,  and  S t e r k ,  H .
( 1966) M o n a t s h ,  97,  36
